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The Editors of the preceding Notices consider themselves responsible only for the fidelity 
with which the views of the Authors are abstracted. 
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Tue Association contemplates no interference with the ground occupied by 
other Institutions. Its objects are,—To give a stronger impulse and a more 
systematic direction to scientific inquiry,—to promote the intercourse of those 
who cultivate Science in different parts of the British Empire, with one an- 
other, and with foreign philosophers,—to obtain a more general attention to 
the objects of Science, and a removal of any disadvantages of a public kind 
which impede its progress. 


RULES. 


ADMISSION OF MEMBERS AND ASSOCIATES. 


All Persons who have attended the first Meeting shall be entitled to be- 
come Members of the Association, upon subscribing an obligation to con- 
form to its Rules. 

The Fellows and Members of Chartered Literary and Philosophical So- 
cieties publishing Transactions, in the British Empire, shall be entitled, in 
like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, of 
Philosophical Institutions, shall be entitled, in like manner, to become Mem- 
bers of the Association. 

All Members of a Philosophical Institution recommended by its Council 
or Managing Committee, shall be entitled, in like manner, to become Mem- 
bers of the Association. 

Persons not belonging to such Institutions shall be elected by the General 
Committee or Council, to become Life Members of the Association, Annual 
Subscribers, or Associates for the year, subject to the approval of a General 
Meeting. ' 

COMPOSITIONS, SUBSCRIPTIONS, AND PRIVILEGES. 

Lire Messrs shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously the Reports of the Association which may be pub- 
lished after the date of such payment. They are eligible to all the offices 
of the Association. 

Axnuat Susscrisers shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
gratuitously the Reports of the Association for the year of their admission 
and for the years in which they continue to pay without tntermtsston their 
Annual Subscription. By omitting to pay this Subscription in any particu- 
lar year, Members of this class (Annual Subscribers) lose for that and all 
Suture years the privilege of receiving the volumes of the Association gratts : 
but they may resume their Membership and other privileges at any sub- 
sequent Meeting of the Association, paying on each such occasion the sum of 
One Pound. They are eligible to all the Offices of the Association. 

Associates for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Reports of the Association, nor be 
eligible to serve on Committees, or to hold any office. 


Xvi RULES OF THE ASSOCIATION. 


The Association consists of the following classes :— . 

1, Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1846, or in subsequent yeags, have paid on ad- 
mission Ten Pounds as a composition. 

$8. Annual Members admitted from 1831 to 1839 inclusive, subject to the 
payment of One Pound annually. [May resume their Membership after in- 
_termission of Annual Payment.] 

4. Annual Members admitted in any year since 1839, subject to the pay- 
ment of Two Pounds for the first year, and One Pound in each following 
year. [May resume their Membership after intermission of Annual Pay- 
ment. 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates will be entitled to receive the annual 
volume of Reports, gratis, or to purchase it at reduced (or Members’) price, 
according to the following specification, viz. :— 

1. Gratis.—Old Life Members who have paid Five Pounds as a compo- 
sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Book Subscription, or, since 1845, a 
further sum of Five Pounds. 

New Life Members who have paid Ten Pounds as a com- 
position. 

Annual Members who have not intermitted their Annual Sub- 
scription. 

2. At reduced or Members’ Prices, viz. two-thirds of the Publication 
Price.—Ol]d Life Members who have paid Five Pounds as a 
composition for Annual Payments, but no further sum as a 
Book Subscription. 

Annual Members, who have intermitted their Annual Subscrip- 
tion. 

Associates for the year. [Privilege confined to the volume for 
that year only. | 

3. Members may purchase (for the purpose of completing their sets) any 
of the first seventeen volumes of Transactions of the Associa- 
tion, and of which more than 100 coptes remain, at one-third of 
the Publication Price. Application to be made (by letter) to 
Messrs. Taylor & Francis, Red Lion Court, Fleet St., London. 

Subscriptions shall be received by the Treasurer or Secretaries. 


MEETINGS. 

The Association shall meet annually, for one week, or longer. The place 
of each Meeting shall be appointed by the General Committee at the pre- 
vious Meeting; and the Arrangements for it shall be entrusted to the Offi- 
cers of the Association. : 

GENERAL COMMITTEE. 

The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
following persons :— 

1. Presidents and Officers for the present and preceding years, with au- 
thors of Reports in the Transactions of the Association. 

2. Members who have communicated any Paper to a Philosophical Society, 
which has been printed in its Transactions, and which relates to such subjects 
as are taken into consideration at the Sectional Meetings of the Association. 
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$. Office-bearers for the time being, or Delegates, aitogether, not exceed- 
ing three in number, from any Philosophical Society publishing ‘Transactions. 

4. Office-bearers for the time being, or Delegates, not exceeding three, 
from Philosophical Institutions established in the place of Meeting, or in any 
place where the Association has formerly. met. 

5. Foreigners and other individuals whose assistance is desired, and who 
are specially nominated in writing for the meeting of the year by the Presi- 
dent and General Secretaries. | . 

6. The Presidents, Vice-Presidents, and Secretaries of the Sections are 
ez officio members of the General Committee for the time being. 


SECTIONAL COMMITTEES. 

The General Committee shall appoint, at each Meeting, Committees, con- 
sisting severally of the Members most conversant with the several branches 
of Science, to advise together for the advancement thereof. 

The Committees shall report what subjects of investigation they would 
particularly recommend to be prosecuted during the ensuing year, and 
brought under consideration at the next Meeting. 

The Committees shall recommend Reports on the state and progress of 
particular Sciences, to be drawn up from time to time by competent persons, 
for the information of the Annual Meetings. 


COMMITTEE OF RECOMMENDATIONS. | 

The General Committee shal] appoint at each Meeting a Committee, which 
shall receive and consider the Recommendations of the Sectional Committees, 
and report to the General Committee the measures which they would advise 
to be adopted for the advancement of Science. 

All Recommendations of Grants of Money, Requests for Special Re- 
searches, and Reports on Scientific Subjects, shall be submitted to the Com- 
mittee of Recommendations, and not taken into consideration by the General 
Committee, unless previously recommended by the Committee of Recom- 
mendations.- 

LOCAL COMMITTEES. 

Local Committees shall be formed by the Officers of the Association to 
assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers those 
Members of the Association whose assistance they may desire. 


OFFICERS. 
A President, two or more Vice-Presidents, one of more Secretaries, and a 
Treasurer, shall be annually appointed by the General Committee. 


COUNCIL. 

In the intervals of the Meetings, the affairs of the Association shall be 
managed by a Council appointed by the General Committee. The Council 
may also assemble for the despatch of business during the week of the 
Meeting. 

PAPERS AND COMMUNICATIONS. . 

The Author of any paper or communication shall be at liberty to reserve 

his right of property therein. 
ACCOUNTS. 

The Accounts of the Association shall be audited annually, by Auditors 
appointed by the Meeting. ; 
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II. Table showing the Names of Members of the British Association who 
have served on the Council in former years. 


Acland, Sir Thomas D., Bart., M.P., F.R.S. 
Acland, Professor H. W., B.M., F.R.S. 
Adamson, John, Esq., F.L.S. 

Adams, J. Couch, M.A., F.R.S. 

Adare, Edwin, Viscount, M.P., F.R.S. 


Ainslie, Rev. Gilbert, D.D., Master of Pem- ' R.S. 
' Eliot, Lord, M.P. 


broke Hall, Cambridge. 

Airy,G.B., D.C.L., F.R.S., Astronomer Royal. 

Alison, Professor W. P., M.D., F.R.S.E. 

Ansted, Professor D, T., M.A., F.R.S. 

Argyll, George Douglas, Duke of, F.1.S. 

Arnott, Nei], M,D., F.R.S. 

Ashburton, William Bingham, Lord, D.C.L. 

Babbage, Charles, Esq., P.R.S, 

Babington, C. C., Esq., F.R.S. 

Baily, Francis, Esq., F.R.S. 

Balfour, Professor John H., M.D. 

Barker, George, Esq., F.R.S. 

Bell, Professor Thomas, F.L.S., F.R.S. 

Bengough, George, Esq. 

Bentham, George, Esq., F.L.S, 

Bigge, Charles, Esq. 

Blakiston, Peyton, M.D., F.R.S. 

Boileau, Sir John P., Bart., F.R.S. 

Boyle, Right Hon, David, Lord Justice-Ge- 
neral, F.R.S.E. 

Brand, William, Esq. 

Brewster, Sir David, K.H., D.C.L., LL.D., 
F.R.S., Principal of the United College of 
St. Salvator and St. Leonard, St. Andrews. 

Breadalbane, John, Marquis of, K.T., F.R.S. 

Brisbane, General Sir Thomas M., Bart., 
K.C.B., G.C.H., D.C.L., F.R.S. 

Brown, Robert, D.C.I.., F.R.S. 

Brunel, Sir M, I., P.R.S. 

Buckland, Very Key. William, D.D., Dean of 
Westminster, F.R.S. 

Burlington, William, Earl of, M.A., F.R.S., 
Chancellor of the University of London. 

Bute, John, Marquis of, K.T. 

Carlisle, George Will, Fred., Eart of, F.R.S. 

Carson, Rev. Joseph. 

Cathcart, Lt.-Gen., Earl of, K.C.B., F.R.S.E. 

Chalmers, Kev. T., D.D., late Professor of 
Divinity, Edinburgh. 

Chance, James, Esq. 

Chester, John Graham, D.D., Lord Bishop of. 

Christie, Professor S. H., M.A., Sec. R.S, 

Clare, Peter, Esq., F.R.A.S. 

Clark, Rev. Prof., M.D., F.R.S. (Cambridge). 

Clark, Henry, M.D. 

Clark, G. T., Esq. 

Clear, William, Esq. 

Clerke, Major Shadwell, K.H., R.E., F.R.S. 

Clift, William, Esq., F.R.S. 

Cobbold, John Chevalier, Esq., M.P. 

Colquhoun, J. C., Esq., M.P. 

Conybeare, Very Rey. W. D., Dean of Liandaff, 
M.A., F.R.S. 

Corrie, John, Esq., F.R.S. 

Currie, William Wallace, Esq. 

Dalton, John, D.C.L., F.R.S. 

Daniell, Professor J. F., F.R.S. 

Dartmouth, William, Earl of, D.C.L., F.R.S. 

Darwin, Charlies, Esq., F.R.S. 

Daubeny, Prof. Charles G. B., M.D., F.R.S. 

De Ja Beche, Sir Henry T., C.B., F.R.S., Di- 
rector-General of the Geological Survey 
of the United Kingdom. 


Dillwyn, Lewis W., Esq., F.R.S, 
Drinkwater, J. E., Esq. 
Durham, Edward Maltby, D.D., Lord Bishop 
of, F.R.S. 
Egerton, Sir Philip de M. Grey, Bart., M.P., 
F.R.S 


Ellesmere, Francis, Earl of, F.G.S. 

Enniskillen, William, Earl of, D.C.L., F.R.S. 

Estcourt, T. G. B., D.C.L. 

Faraday, Professor, D.C.L., F.R.S. 

Fitzwillism, Charles William, Earl, D.C.L., 
F.R.S. 

Fleming, W., M.D. 

Fletcher, Bell, M.D. 

Forbes, Charles, Esq. 

Porbes, Professor Edward, F.R.S. 

Forbes, Professor J. D., F.R.S., Sec, R.S.E. 

Fox, Robert Were, Esq., F.R.S, 

Frost, Charles, F.S.A. 

Gassiot, John P., Esq., F.R.S. 

Gilbert, Davies, D.C.L., F.R.S. 

Graham, Profeasor Thomas, M.A., F.R.S. 

Gray, John E., Esq., F.8.S. 

Gray, Jonathan, Esq. 

Gray, William, jun., Esq., F.G.S. 

Green, Professor Joseph Henry, F.R.S. 

Greenough, G. B., Esq., F-R.S. 

Grove, W. R., Esq., F.R.S. 

Hallam, Henry, Esq., M.A., F.R.S. 

Hamilton, W. J., Esq., Sec.G.S. 

Hamilton, Sir William R., Astronomer Royal 
of Ireland, M.R.LA. 

Harcourt, Rev. William Vernon, M.A., F.R.S. 

Hardwicke, Charles Philip, Earl of, F.R.S. 

Harford, J. S., D.C.L., F.R.S, 

Harris, Sir W. Snow, F.R.S. 

Harrowby, The Ear! of, F.R.S. 

Hatfeild, William, Esq., F.G.8. 

Henslow, Rev. Professor, M.A., F.L.S. 

Henry, W. C., M.D., F.R.S. 

Henry, Rev. P. S., D.D., President of Queen's 
College, Belfast. 

Herbert, Hon. and Very Rev. William, late 
Dean of Manchester, LL.D., F.L.S. 

Herschel, Sir John F. W., Bart., D.C.L., F.R.S, 

Heywood, Sir Benjamin, Bart., F.R.S. 

Heywood, James, Esq., M.P., F.R.S. 

Hill, Rev. Edward, M.A., F.G.S. 

Hincks, Rev. Edward, D.D., M.R.I.A. 

Hodgkin, Thomas, M.D. 

Hodgkinson, Professor Eaton, F.R.S. 

Hodgson, Joseph, Lsq., F.R.S. 

Hooker, Sir William J., LL.D., F.R.S. 

Hope, Rev. F. W., M.A., F.R.S. 

Hopkins, William, Esq., M.A., F.RS. 

Horner, Leonard, Esq., F.R.S., F.G.5. 

Hovenden, V. F., Esq., M.A. 

Hutton, Robert, Esq., F.G.S. 

Hutton, William, Esq., F.G.S. 

Ibbetson, Capt. L.L. Boscawen, K.R.E.,F.G.S, 

Inglis,Sir Robert H., Bart., D.C.L., M.P., F.R.S. 

Jameson, Professor R., F.R.S. 

Jeffreys, John Gwyn, Esq., F.R.S. 

Jenyns, Rev. Leonard, F.L.S, 

Jerrard, H. B., Esq, 

Johnston, Right Hon, William, Lord Provost 
of Edinburgh. 

Johnston, Professor J. F. W., M.A., F.R.S. 


Keleher, William, Esq. 

Kelland, Rev. Professor P., M.A. 

Lankester, Edwin, M.D., F.R.S. 

Lanadowne, Henry, Marquis of, D.C.L.,F.R.S. 

Lardner, Rev. Dr. 

Lassell, William, Esq., F.R.S. L. & E. 

Latham, R. G., M.D., F.R.S. 

Lee, Very Rev. John, D.D., F.R.S.E., Prin- 
cipal of the University of Edinburgh. 

Lee, Robert, M.D., F.R.S. 

Lefevre, Right Hon. Charles Shaw, Speaker 
of the House of Commons. 

Lemon, Sir Charles, Bart., M.P., F.R.S. 

Liddell, Andrew, Esq. 

Lindley, Professor John, Ph.D., F.R.S. 

Listowel, The Ear! of. 

Lloyd, Rev. Bartholomew, D.D., late Provost 
of Trinity College, Dublin. 

Lloyd, Rev. Professor, D.D.,° Provost of 
Trinity College, Dublin, F.R.S. 

Londesborough, Lord, F.R.S. 

Lubbock, Sir John W., Bart., M.A., F.R.S. 

Luby, Rev. Thomas. 

Lyell, Sir Charles, M.A., F.R.S. 

MacCullagh, Professor, D.C.L., M.R.I.A. 

Macfarlane, The Very Rev. Principal. 

MacLeay, William Sharp, Esq., F.L.S. 

MacNeill, Professor Sir John, F.R.S. 

Malcolm, Vice Admira] Sir Charles, K.C.B. 

Manchester, J. P. Lee, D.D., Lord Bishop of. 

Meynell, Thomas, Jun., Esq., F.L.S. 

Middleton, Sir William F. F., Bart. 

Miller, Professor W. A., M.D., F.R.S. 

Miller, Professor W. H., M.A., F.R.S. 

Moillet, J. D., Esq. 

Moggridge, Matthew, Esq. 

Moody, J. Sadleir, Esq. 

Moody, T. H. C., Esq. 

Moody, T. F., Esq. 

Morley, The Ear! of. 

Moseley, Rev. Henry, M.A., F.R.S. 

Mount-Edgecumbe, Ernest Augustus, Ear] of. 

Murchison, Sir Roderick I., G.C.St.S., F.R.S. 

Neill, Patrick, M.D., F.R.S.E. 

Nicol, D., M.D. 

Nicol, Rev. J. P., LL.D. 

Northumberland, Hugh, Duke of, K.G., M.A., 
F.R. e 

Northampton, Spencer Joshua Alwyne, Mar- 
quis of, V.P.R.S. 

Norwich, Edward Stanley, D.D., F.R.S., late 
Lord Bishop of. 

Norwich, Samuel Hinds, D.D., Lord Bishop of. 

Ormerod, G. W., Esq., F.G.S. 

Orpen, Thomas Herbert, M.D. 

Orpen, J. H., LL.D. 

Owen, Professor Richard, M.D., F.R.S. 

Oxford, Samuel Wilberforce, D.D., Lord 
Bishop of, F.R.S., F.G.S. 

Osler, Follett, Esq. 

Palmerston, Viscount, G.C.B., M.P. 

Peacock, Very Rev. George, D.D., Dean of 
Ely, F.R.S. 

Peel, Rt. Hon. Sir Robert, Bart., M.P., 
D.C.L., F.R.8. 

Pendarves, E., Esq., F.R.S. 

Phillips, Professor John, M.A., F.R.S, 

Porter, G. R., Esq. 

Powell, Rev. Profeasor, M.A., F.R.S. 

Prichard, J. C., M.D., F.R.S. 

Ramsay, Profeasor W., M.A. 


| Reid, Lieut.-Col. Sir William, F.R.8. 


Rendlesham, Rt. Hon. Lord, M.P. 

Rennie, George, Eaq., V.P.R.S. 

Rennie, Sir John, F.R.S. 

Richardson, Sir John, M.D., F.R.S. 

Ritchie, Rev. Professor, LL.D., F.R.S. 

Robinson, Rev. J., D.D. 

Robinson, Rev. T. R., D.D., Pres.R.1.A., 

F.R.A.S. ‘ 

Robison, Sir John, late Sec.R.S. Edin. 

Roche, James, Esq. 

Roget, Peter Mark, M.D., F.H.S. 

Ronalds, Francis, F.R.S. 

Rosebery, The Earl of, K.T., D.C.L., F.R.S. 

Ross, Capt. Sir James C., R.N., F.R.S. 

Rosse, William, Earl of, M.A., M.R.LA., 
President of the Royal Society. 

Royle, Professor John F., M.D., F.R.S. 

Russell, James, Esq. 

Russell, J. Scott, Esq., F.R.S. 

Sabine, Col. Edward, R.A.,Treas. & V.P.R.S. 

Saunders, William, Esq., F.G.S. 

Sandon, Lord (the present Earl of Harrowby). 

Scoresby, Rev. W., D.D., F.R.S. 

Sedgwick, Rev. Professor Adam, M.A.,F.R.S. 

Selby, Prideaux John, Esq., F.R.S.E. 

Smith, Lieut.-Colonel C. Hamilton, F.R.S. 

Spence, William, Esq., F.R.S. 

Staunton, Sir G. T., Bt., M.P., D.C.L., F.R.S. 

St. David’s,C. Thirlwall, D.D., Lord Bishop of. 

Stevelly, Professor John, LL.D. 

Stokes, Professor G. G., F.R.S. 

Strang, John, Esq. 

Strickland, Hugh Edwin, Esq., F.R.S. 

Sykes, Lieut.-Colonel W. H., F.R.S. 

Symonds, B. P., D.D., late Vice-Chancellor of 
the University of Oxford. 

Talbot, W. H. Fox, Esq., M.A., F.R.S. 

Tayler, Rev. John James, B.A. 

Taylor, John, Esq., F.R.S. 

Taylor, Richard, Jun., Esq., F.G.S. 

Thompson, William, Esq., F.L.S. 

Tindal, Captain, R.N. 

Tod, James, Esq., F.R.S.E. 

Traill, J. S., M.D. 

Turner, Edward, M.D., F.R.S. 

Turner, Samuel, Esq., F.R.S., F.G.S. 

Turner, Rev. W. 

Vigors, N. A., D.C.L., F.L.S. 

Vivian, J. H., M.P., F.R.S. _ 

Walker, James, Esq., F.R.S. 
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REpoRT OF THE PROCEEDINGS OF THE COUNCIL IN 1858—54, AS PRESENTED 
TO THE GENERAL CoMMITTEE AT LIVERPOOL, WEDNESDAY, SEPTEMBER 
20TH, 1854. 


The Council has been informed that invitations to the Association will be 
presented to this Meeting on the part of the University and City of Glasgow; 
on the part of the Board of Trinity College, Dublin, for 1857, supported by 
the Royal Irish Academy and the Queen's University in Ireland; from 
Brighton; from the Mayor and City Council of Manchester; from Chelten- 
ham; and from Ryde in the Isle of Wight. 

In transmitting the accompanying reports from the Parliamentary Com- 
mittee of the British Association, and from the Committee of the Kew 
Observatory, the Council believe that the General Committee will find in 
these two documents the most satisfactory evidence of the increasing public 
importance and general usefulness of the British Association. 

n the case of” the Parliamentary Committee, the Council consider them- 
selves only as the organ through which the report of the last year’s proceed- 
ings are presented to the General Committee. In the case of the Kew 
Committee, the members of which are also members of the Council, and act 
under the authorization of the Council, the report is addressed to the body 
from whence the authority is derived. In transmitting it to the General 
Committee, therefore, the Council desire to express at the same time their 
full concurrence in its closing recommendation. They are persuaded that if 
the financial position of the Association will admit of an increased grant being 
made to the Observatory for special purposes in the next year, no better 
application could possibly be made of the money, either for the benefit of 
science or for the credit of the Association. . . 
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The Report of the Kew Committee to the Council, signed by J. P. Gassiot, 
Esq., Chairman :— 

In their Report for the last year your Committee stated that an application 
had been made to them by the Hydrographer of the Admiralty for advice 
as to the construction of Thermometers to be supplied to H.M. Navy, for 
the purpose of making meteorological observations at sea, and that your Come 
mittee had undertaken to provide a specimen of the form of instrument 
which they might consider most suitable. 

When the necessary experiments were completed and a Model Thermc- 
meter constructed, your Committee directed that one should be sent to each of 
the Philosophical Instrament Makers who had been supplied with Standard 
Thermometers from the Observatory, requesting that they would acquaint 
the Committee at what price such instruments could be supplied. 

The prices named by Mesers. Negretti and Zambra and by Messrs. Ca- 
sella and Co. having been ascertained to be the lowest, these firms were 
selected by your Committee as those to whom applications should be made 
to furnish such thermometers when required. 

The diameter of the spherical bulb of the proposed thermometer is about 
yoths of an inch; the graduation includes a range of from 10° to 130° Fahr. ; 
the length of the thermometer is 104 inches; the brass scale on which the 
figures are stamped is raised to nearly the level of the front of the tube, 
which is fastened to the scale by two clips. The‘scale is cut away about 
one inch above the bulb, a stop being fixed on the copper case so as to prevent 
the bulb touching the bottom of the cup. . 

The thermometer is constructed of enameled tubing, and the divisions ar 
etched on the stem with fluoric acid ; the figures are stamped on the brass 
scale at every 10th degree, and each instrument is fitted to a japaoned copper 
case with a cup surrounding the bulb, and hasa distinguishing number. The 
cost, in consideration of the quantity ordered from the makers at one time, in- 
cluding the case, is 5s. 6d., and without the case 4s. 6d., for each thermometer. 

On the Srd of December 1853 your Committee requested Colonel Sabine 
to inform the Hydrographer of the Admiralty that thermometers according to 
the model described could be supplied in any quantities: a copy of the corre- 
spondence with the Hydrographer, as also with the Board of Trade, is annexed 
to this Report. 

On the 28th January 1854 your Committee received an application from 
the Smithsonian Institution of the United States, through its agent, Mr. 
Stevens, for specimens of thermometers and barometers for marine use, as 
also fora standard thermometer. Mr. Stevens has since ordered one thousand 
thermometers for the use of the United States Navy, five hundred from each 
of the before-mentioned firms, and fifty marine barometers; the whole of 
these instruments, which will be similar to those described in this Report, 
will be verified by Mr. Welsh at the Observatory. 

As each thermometer will undergo a rigorous examination at the Observa- 
tory, and as a table will in all cases be furnished of scale errors, which, on the 
terms of the agreement with the instrument-makers, are not to exceed 0°6 
between 32° and 100° Fahr., nor to vary more than 0°38 within any 10°, your 
Committee consider that for all the purposes intended such thermometers 
will be found sufficiently correct, and being obtainable at a very moderate 
cost, they hope future observations made with such instruments will prove 
of essential practical and scientific value. 

On the 27th March, 1854, the Board of Trade addressed a letter to the 
Chairman of your Committee requesting their aid in procuring barometers 
and thermometers for the use of the Mercantile Marine. On the 3rd of 
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April the Chairman replied, stating that the Committee were willing to 
superintend the execution of any contract which the Board of Trade might 
make for the supply of such instruments, in accordance with the following 
resolution of the Committee :— 


27th March, 1854, at a Meeting of the Kew Committee of the British 
Association, 

Resolved,— 

“That in all cases in which the Committee is called upon to assist 
either Her Majesty’s or other governments, in the supply of meteoro- 
logical instruments, it is to be understood as a principle that the contract 
for such supply is to be between the government requiring the instru- 
ments and the maker furnishing the same, the contract price in all cases 
to cover the cost of verification at Kew.” 

A copy of the correspondence with the Board of Trade is attached to this 
Report. 

Barometers.—Your Committee stated in their last year’s Report that in 
consequence of Lieut. Maury having requested their advice upon the best 
form of a marine barometer, the subject was under consideration ; after having 
examined several forms of these instruments submitted for their considera- 
tion, your Committee selected one in which it is believed all the requisites 
for making correct observations at sea will be found to have been obtained 
at a very moderate cost, combining convenience and accuracy in observing, 
with simplicity and durability in its general construction. 

The great importance as to certain conditions requisite in a good barometer 
induced your Committee to have the action of this instrument tested by such 
means as were at their command, and this was effected by Mr. Welsh (ac- 
companied by Mr. Adie, the maker), in a voyage to Leith and back to 
London ; subsequently the action of the instrument was further tested by 
Mr. Welsh in a voyage to and from the Channel Islands ; the results of these 
trials will be seen in the following letters addressed by Mr. Welsh to the 
Chairman :— 

‘“* Kew Observatory, March 25, 1854. 

‘‘My pEAR Sir,—In accordance with the request expressed by the Com- 
mittee at their Meeting on the 15th instant, I sailed the same evening by the 
steamer ‘ Clarence’ for Leith, in company with Mr. Adie, for the purpose of 
examining the action of three barometers made by him. ‘These barometers 
were all of the same construction, but having the tubes contracted in different 
degrees, viz. in the proportions of five, ten, and fifteen minutes respectively 
for the time occupied by the mercury in descending to its proper level when 
first placed erect. 

‘‘We did not succeed in procuring a private cabin, but Mr. Turner, the 
commander of the vessel, kindly allowed us to suspend the instruments in 
his own cabin, to which we had access during the greater part of the voyage. 
As the weather in this passage was too calm to allow of a decided trial of 
the barometers, especially with regard to the pumptng of the mercury in 
the tube, we returned on Wednesday the 2lst by the steamer ‘Leith, in 
which we had engaged a private cabin. On the return voyage, the motion 
of the vessel was very considerable, and afforded a fair opportunity of exa- 
mining the pumping. Unfortunately one of the barometers (the one con- 
tracted to 15™) was broken in being carried on board, so that we had only 
the two least contracted in the tube remaining. From an examination of 
the observations made, I believe the following general conclusions are pretty 
near the truth. 
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‘Ist. Any one of the three barometers is capable of showing at sea the 
changes of pressure, with a probable error of about 0-005 inch, or at most 
0-007 in. 

“2nd. The tremor of a steam ship is rather beneficial than otherwise to the 
performance of the barometer, and (leaving the pumping out of considera- 
tion) the barometer performs rather better at sea than on land. 

“Srd. For such a motion of the ship as must be very common, the 
amount of contraction of the tube should be greater than in any of the 
three barometers employed, say a contraction to 18 or 20 minutes. The 
mean amount of pumping from ten observations in the return voyage was, 
for the tube contracted to 5 minutes 0-064 in., and for the one contracted 
to 10 minutes 0-031 in.; the greatest observed being for the former 0°15 in., 
and for the latter 0°05 in. In order, therefore, to reduce the pumping so 
that the probable error of an observation from this cause may not exceed 
OO! in., the contraction should be to 20 minutes at least. 

“4th. It appears to me very desirable that each ship should be furnished 
with fo barometers—one for calmer weather and the other for rougher— 
the former having the tube contracted to 10 or 12 minutes, and the latter 
to about 25 minutes. This would render good observations obtainable in all 
states of the weather; and if occasional comparisons of the two were taken, 
would, besides obviating to some extent the inconvenicnce arising from an 
accident to one, afford the means of checking any changes which might occur 
in the zero-points of either instrument. If, however, two barometers cannot 
be supplied to each ship, I am disposed at present to think that a contrac- 
tion to about 15 or 20 minutes would be generally the most convenient. 

‘“The mode of suspension and the means of observation adopted in Mr. 
Adie’s barometers seem very suitable, the spring of the suspending arm being 
quite sufficient. The arm should perhaps be a little longer, say 2 inches more. 

‘IT should mention, that the two steamers were about 700 or 800 tons 
burden. 


J. P. Gassiot, Eaq., F.RS., “7 am, yours faithfully, , 
Chairman of the Kew Committee.” “J. WELSH. 


‘Kew Observatory, May 25, 1854. 


“My pear Srr,—In compliance with a wish expressed by the Kew 
Committee at their Meeting on May Srd, I proceeded to Southampton on 
the 8th instant, and made arrangements for a further trial of the marine 
barometers in one of the South Western Railway Company's mail steamers 
plying to the Island of Jersey. Having been furnished by you with a recom- 
mendation from Mr. Tite to the Secretary of the Company's steamers, I was 
most readily provided with the best accommodation which could be got in the 
ship, and received every attention and assistance from Mr. Babot, the captain. 

‘The principal object contemplated by me in this trial, was the deter- 
mination of the amount of contractiun required in the tube for the prevention, 
within convenient limits, of the pumping of the mercury. I took with me. 
five barometers by Adie, all of the same general construction, but differing 
in the amount of contraction in the tubes. They were stopped in the fol- 
lowing proportions—5, 10, 18, 21 and 35 minutes for the times required for 
the mercury to sink from the top of the tube to its true height after the 
barometer is placed erect. 

‘I found, as on the previous trial to Leith, that the first two were not 
nearly sufficiently contracted, the amount of pumping being indeed so great 
that good observations could not possibly be taken with either. The pump- 
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ing in the third and fourth was much more moderate, the greatest differerice 
between the extreme readings in either having never been observed to be more 
than 0°02 and seldom above 0-015, thus giving 0°01 as the limit of error of 
an observation from this cause. The barometer No. 5 showed, of course, 
even less oscillation, the extreme readings not differing more than 0°01. 
The circumstances under which these numbers were obtained were, I believe, 
favourable to a just estimate of the amount of contraction necessary, as there 
was both in the passage to Jersey and back a considerable amount of swell, 
there having been on the previous day a heavy gale blowing. 

‘“‘ Considering that the existence of a small quantity of pumping must at all 
times be desirable, in order to secure a more free action of the mercury than 
if the barometer were suspended quite steadily, Iam of opinion that baro- 
meters having their tubes stopped to about the same extent as in Nos. 3 and 4, 
would, on the whole, be the most generally convenient and accurate, whilst 
even a greater degree of contraction would do no great harm. I would, there- 
fore, recommend that the contraction should be from about 18 to 25 minutes. 

“JT have both before this trial and since made a series of comparisons 
between the standard by Newman and these barometers. I have found that 
all the barometers follow the standard very consistently. There is, however, 
one circumstance which should be noticed, and which I have before to some 
extent mentioned to the Committee. The marive barometer does not act 
quite freely when suspended at rest. The standard barometer is always, to 
@ certain extent, «2 advance of the marine barometer; that is, when the 
mercury is rising, the marine barometer is below the standard, and when 
falling it is above it. The amount of this retardation I find to be about 
O'0l inch; and what is rather singular, it exists to about the same extent 
whatever the degree of contraction of the tube, although that has varied in 
the proportion of 1 to 7. This retardation, it should be remembered, has been 
observed when the marine barometer has been left quite at rest, a condition 
which will scarcely ever obtain at sea, where there will generally be, I con- 
ceive, a sufficient amount of motion te produce a certain small degree of 
oscillation in the column of mercury ; and it is evident that so long as any 
oscillation at all exists, the equilibrium of the mercury will be maintained, 
and the reading of the instrument will show the truc barometric pressure. 


“ J, P. Gassiot, Esq., F.R.S., “I am, dear Sir, yours faithfully, 
Chairman of the Kew Committee.” . “J. Wess.” 


phe barometer as now constructed is thus described by Mr. P. Adie, the 
maker :— 

‘The tube has a diameter of from 0°22 in. to 0°25 in. About 4 inches of 
the tube near the middle has a capillary bore in order to produce the con- 
traction necessary to prevent inconvenient oscillation at sea from the motion 
of the vessel. The degree of contraction is such, that, when the barometer 
is first suspended, the mercury requires about twenty minutes to fall from 
the top of the tube to its proper level. A pipette, or Gay-Lussac’s air-trap, 
about 2 inches long, is inserted a little below the contraction, which serves to 
prevent the entrance of air into the upper part of the tube, or into the capil- 
lary portion of it. The lower end of the tube, which is within the mercury in 
the cistern, is also contracted. With these precautions, it is believed, that when 
the tube has been well filled at first, it is very unlikely to become deteriorated. 
The mercury is necessarily boiled in the tube in the process of filling. 

“The cistern of the barometer is a cylinder of cast iron, the tube being fitted 
into it mercury-tight by cement; a portion of the upper part of the cistern 
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being covered with strong sheep-skin leather firmly fixed by abutting flanges. 
This leather has been found to be sufficiently porous to permit the free 
action of the air through it, but not to allow the mercury to pass without 
considerable pressure, to which it can never from the construction of the 
instrument be subjected. The cistern is filled with mercury to such a height 
that it can never under any circumstances of temperature or pressure be full, 
but always sufficiently so to prevent the lower end of the tube being ever 
exposed either during carriage or when in use. This renders any adjust- 
ment of the instrument when being mounted for observation unnecessary. 
The diameter of the cistern is about 1°3 inch. The barometer tube is pro- 
tected by a cylindrical case of brass, which is screwed firmly to the upper 
portion of the iron cistern. The graduation is made on this brass tube and 
the vernier moved by a rack and pinion, the index being adjusted to the top 
of the mercurial column by shutting off the light, as is commonly done in 
standard and other goad barometers: the vernier reads to 0°002 inch. The. 
correction for the relative capacities of the tube and cistern (which is usually 
applied as a numerical correction varying with the height) is in these instru- 
ments included in the graduation of the scale; the scale being shortened by 
the amount of the correction, but divided so as to represent the true measure- 
ments. The correction for capacity is obtained by computation from care~ 
fully measured diameters of the tube and cistern. The zero-point of the 
scale is determined by comparison with a standard barometer. A thermo- 
meter, whose scale is divided on its stem, and having its bulb within the 
encasing brass tube, gives the temperature of the mercury. In making an 
observation, it is only necessary to set and read off the vernier, and to note 
the height of the thermometer. The instrument presents much the appear- 
ance of a mountain barometer: it is suspended in gimbals from a point a 
little above the middle of the tube, the rack motion being close to the point 
of suspension, so that the hand may rest on the supporting arm. The support- 
ing arm is flat, of hammered brass, thin enough to give the elasticity neces- 
sary to counteract sudden jars, and is equivalent to the spring gimbals usually 
employed, while much simpler in its construction.” 

he annexed copies of the correspondence with the Hydrographer of the 
Admiralty and with the Board of Trade, will explain the proceedings of your 
Committee as to the proposed supply of these instruments for the use of Her 
Majesty's Navy, as also for the Mercantile Marine of this country. Your 
Committee have also communicated with Lieut. Maury, by whose directions 
the fifty barometers were ordered from Mr. Adie by Mr. Stevens, for the use 
of the United States Navy, all of which are to be verified at the Observatory. 


Standard Barometer.—Your Committee have devoted much attention to 
the completion of.this instrument, but many casualties have occurred during 
-the progress of its erection. On the 13th July last Mr. Negretti succeeded 
ia boiling and erecting a tube of one inch internal diameter. Considerable 
changes were found necessary in the original mounting of the barometer and 
cathetometer. These have been satisfactorily executed at the Observatory, 
but the instrument still requires alteration to render its performance perfect. 
The scale of the cathetometer has been compared with the Kew standard 
scale, and found not to require any correction when laid horizontally. 
When the two scales are compared by observing their relative lengths ver- 
tically by the telescope of the cathetometer, a perceptible error is shown, 
involving a correction to the measurements of the cathetometer of + 0-008 
inch in a space of 30 inches. This anomalous error is, it is conceived, due 
to faulty construction in the cathetometer, chiefly arising from the difficulty 
of making the instrument accurate on the design adopted. It is, therefore, 
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the intention of your Committee to direct that a new cathetometer should be’ 
coustructed in the Observatory on more exact mechanical principles. 

The number of instruments now in course of verification, under the 
directions of your Committee, is :— 


For the U. S. Navy .... 1000 thermometers. 50 barometers. 
» Board of Trade.. 500 ”» 60 ” 


Definition of the Builing-Point of Water.—Your Committee, at the last 
meeting of the Association, were requested to furnish a report on the de- 
finition of the boiling-point of water at present adopted in this country for 
the thermometric scale. This has already been considered by the Commis- 
sioners appointed by Government to construct Standard Weights and Mea- 
sures, and in the Report they have presented to Government during the 
present year, they have defined 212° upon Fahrenheit’s scale to represent 
“the temperature of steam under Laplace's standard atmospheric pressure, or 
the atmospheric pressure corresponding to the following number of inches 
in the barometric reading, reduced to 32° F.,—-29°9218 + 0°0766 x cosine 
(2. latitude) + (000000179 x height in feet above the sea).” Your Committee 
recommend that this definition be adopted. In accordance with this defi- 
nition, the standard pressure under which the boiling-point of thermometers 
will have to be determined will be,—_ 


At 32° F. 
In London ........ 29:905 + (000000179 x height above the sea). 
In Dublin ........29°900 T) ) 
Io Edinburgh...... 29'893 99 


The small additional correction for the height above the sea level in- 
cluded in brackets, may be, however, neglected, being insensible at any 
part of the three towns mentioned. 

The barometric heights here given are at 82° F., and this correction must 
not be overlooked. 


Standard Thermometers.—The graduation of standard thermometers has 
been continued by Mr. Welsh, and 24 instruments have been issued since the 
last meeting of the Association, making a total of 94 standard thermo- 
meters supplied to institutions and individuals. 

The requisite apparatus for determining the érrors of barometers, as well 
as of thermometers, by comparison with the standards at Kew, has been con- 
structed at the Observatory, and a detailed account of the praceases employed 
will be given by Mr. Welsh in a separate communication to the British 
Association. 

By means of this apparatus there have been examined during the past 
year For the East India Company, 40 thermometers for 20 of Regnault’s 

ygrometers, and 4 barometers; for the Trevandrum Observatory, 8 ther- 
mometers ; for Hobarton Observatory, 3 thermometers ; for E. A. Middleship, 
St. Kitts, 5 thermometers; for the Hydrographer of the Admiralty, 16 ther- 
mometers and 4 barometers; for Messrs. Schlagintweit, 9S thermometers, 
6 mountain barometers, 9 aneroid barometers, 10 ground thermometers, and 
6 boiling-point thermometers. 


Standard Weights and Measures.—Your Committee have reported last 
ear that the standard weights made by M. CErtling, under the direction of 
r. Miller, of King’s College, were at that time in the hands of Prof. Miller, 
of Cambridge, for verification; and that the standard scale prepared by 
Messrs. Troughton and Simms, was with the Rev. Mr, Sheepshanks, for com- 
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parison with the standard bar in his possession. Your Committee beg to 
subjoin the following letter, received from Profeseor Miller :— 


“ Cambridge, 27th January, 1854. 

“TI beg leave to communicate to the Kew Committee the following results 
of the comparison of the Kew standard bar :— 

‘In air temp. 65°66 Fahr. (15°°7C), pressure 29°°75in. of mercury, reduced 
to the temperature of freezing water (755°64 M.M.) by a mean of 80 com- 
parisons, the Kew standard appears to be 0°00035 gr. heavier than {72° (lost 
standard troy pound). 

‘‘ The ratio of the density of the Kew etandard at freezing to the maxi- 
mum density of water is 8°20357 (log. 09140080), its vol. at freezing 
= volume of 853°2866 ers. of water at maximum density. 

“The density of the Kew standard is different from that which appears 
to be the most probable value of the density of the lost standard, conse- 
guently its error, when reduced to vacuum, differs from the error given above. 

n vacuo the Kew standard is 0°00655 gr. lighter than the Parliamentary 
standard. (Signed)  ‘“W.H. Mivrer.” 


The Rev. Mr. Sheepshanks, in a cummuuication with Dr. Miller, reports, 
as the result of 188 comparisons made at a mean temperature of 46°78 Fahr., 
that the Kew standard scale is at a temperature of 62° Fahr. 0°000091 inch 
longer than the standard yard. Mr. Sheepshanks proposes to repeat the 
comparison at a higher temperature, so as to avoid any uncertainty that may 
exist as regards the expansion of the Kew bar. 


New Stand for Out-Door Observations with Thermometers——At the first 
meeting of your Committee on 12th November, 1853, they authorized Mr. 
Welsh to prepare a new stand for out-door observations of thermometers. 
This stand has been erected outside the balustrade wall, at the top of the 
steps leading to the north entrance of the Observatory. The thermometers 
are placed at a distance of 8 feet from the wall of the house, 11 feet above 
the ground, and 2} feet from the nearest part of the balustrade. In this 
position there is a free circulation of air in all directions of the wind. The 
thermometers are protected from radiation by two cages with venetian blind 
rides and roofs; the sides of the cages descending to 6 inches below the 
bulbs. They are thus quite sheltered from rain, whilst very little interrup- 
tion is offered to the free access of the air. The dimensions of the cages are 
as follows :—The outer is 6 feet broad, 5 feet deep, and 5 feet high; the 
inner cage is 3 feet broad, 2 feet deep, and 34 feet high, leaving a space 
of about 18 inches between the cages. The bulbs of the thermometers are 
about 16 inches above the lower portion of the framework, which is quite 
open. Doors on the side of the stand next the entrance of the Observatory 
are opened when the thermometers are to be observed. The whole of the 
stands are painted green inside and out. 

Tbe stand contains a pair of dry and wet thermometers, graduated at the 
Observatory ; a maximum thermometer, also constructed at the Observa- 
tory, on the principle proposed many years since by Mr. J. Phillips, the 
Assistant General Secretary of the Association, and described by him in the 
first volume of its Reports; a maximum thermometer of the recent construc- 
tion of Messrs. Negretti and Zambra; a minimum thermometer, on Ruther- 
ford’s principle, made by Adie of London; and a Regnault’s dew-point hy- 
grometer, with a bellows aspirator, also made by Adie: the scales of these 
instruments, with the exception of Negretti’s maximum thermometer and 
Regaault s hygrometer, are divided on the tubes. 

1 on is believed, that by the arrangements above described, a very close ap- 
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proximation is made towards the conditions necessary to obtaining the true 
temperature of the air. Meteorological observations have been made since 
Ist January 1854, at 6 and 10 a.m., 2, 6 and 10 P.M. 

In respect to the two forms of maximum thermometers now named, it may 
be stated that they have both been found to perform in a very satisfactory 
manner; the very ingenious instrument of Messrs. Negretti and Zambra 
has one quality, which, as regards durability, places it above every other 
form of maximum thermometer, for when once well constructed, it can 
never get out of order; it is somewhat difficult in construction, and conse- 
quently more costly, but the observer, having first satisfied himself as to its 
correctness, may ever afterwards use it with confidence, relying that his 
register will not be interrupted by any of those annoyances to which he may 
have been accustomed in other forms of this instrument. The plan of Mr. 
Phillips is most valuable for its extreme simplicity ; it is capable of greater 
delicacy of indication than even Negretti’s, and in the hands of an observer 
who treats his instruments with care, will continue to perform very accurately 
for probably an indefinite length of time. The only case in which this form 
of the instrument might be found to fail, would probably be in carriage or 
when otherwise exposed to violence: any thermometer, having an overflow 
chamber at the top of the tube, can be readily converted into a maximum 
with the aid of a spirit-lamp, and if the instrument should by any chance get 
out of order, it can as easily be remedied. Any careful observer, who is not 
afraid to handle a thermometer, will, it is believed, find this the most conve- 
nient form of all maximum thermometers. As an instrument for general 
use, and in the hands of persons unskilled or careless in the use of thermo- 
meters, its expediency may however be more doubtful. 

Daily Photographic Register of the Spots on the Sun's Dise.—Colonel 
Sabine having reported to your Committee that Sir John Herschel had sug- 
gested to him the importance of arrangements being made for a daily photo- 
graphic picture of the sun’s disc, showing the spots, &c., it was resolved by 
your Committee that the Chairman should write to Sir John Herschel to 
request he would favour the Committee with his views as to the importance 
of the object, and the best mode of carrying it into effect. The following 
is a copy of the reply received from Sit John Herschel :— 


“32 Harley Street, April 24, 1854. 

“ My DrRAR Srr,—I certainly do consider it an object of very considerable 
importance to secure at some observatory, and indeed at more than one, in 
different localities, daily photographic representations of the sun, with a view 
to keep up a consecutive and perfectly faithful record of the history of the 
spots. So far as regards the general delineation of the whole disc and the 
marking out on it, in reference to the parallel to the equinoctial passing 
through its centre, the places, sizes, and forms of the spots, there would need 
I should imagine no very powerful telescope; quite the contrary; but it 
should be equatorially mounted, and ought to have a clock motion in the 
parallel. The image to be impressed on the paper (or collodionized glass) 
should be formed, not in the focus of the abject-lens, but in that of the eye- 
lens drawn out somewhat beyond the proper situation for distinct vision (and 
always to the same invariable distance to ensure an equally magnified image 
on each day). By this arrangement a cousiderably magnified image of the 
sun, and also of any system of wires in the focus of the object-glass, may be 
thrown upon the ‘ focusing glass’ of a camera box adjusted to the eye-end of 
the telescope. By employing a system of spider lines parallel and perpendi- 
cular to the diurnal motion, and so disposed as to divide the field of view 
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into squares, say of 5' in the side, the central one crossing the sun's centre 
(or rather as liable to no uncertainty, one of them being a tangent to its 
lower or upper limb), the place of each spot on the surface is, tpso facto, 
mapped down in reference to the parallel and declination circle and its 
distance from the border, and its size, measurable on a fixed scale. . 

“ If large spots are to be photographed specially with a view to the deli- 

neation of their forme and changes, a pretty large object-glass will be re- 

uired, and the whole affair will become a matter of much greater nicety; but 
or reading the daily history of the sun, I should imagine a 3-inch object- 
giass would be ample. . 

‘«¢ The representations should, if possible, be taken daily and the time care- 
fully noted. As far as possible they should be taken at the same hour each 
day, but in this climate a clear interval, occurring when it may, had better 
be secored early in the day. | 

“ Three or four observatories in tropical climates, distant several hours in 
longitude (suppose three, at 8" distance in longitude), each reading at, or 
nearly at noon, would, when the results were assembled, keep up a continual 
history of the solar disc. 

“ With regard to proper preparations of paper, or the use of collodion, &c., 
the photographic art is now so much advanced that no difficulty can arise in 
fixing upon fitting preparations, or in the manipulations necessary for multi- 
plying them. But it would be very requisite that many impressions of each 
day’s work should be taken and distributed, and an interchange kept up 
among observers. 

“¢ Yours truly, 
“J. P. Gassiot, Esq.” “J. F. W. Herscue.” 


On the 3rd of May your Committee requested Mr. Warren De la Rue to 
ascertain the probable cost of an apparatus suitable to accomplish the re- 
commendations contained in the preceding letter, and it having been subse- 
quently ascertained by Mr. De la Rue that the probable cost would not ex- 
ceed £150, your Committee, on the 29th May, resolved that the Chairman 
should apply to the Royal Society for that sum from the Donation Fund; 
the application was made on the 21st of June, and on the 29th of the same 
month the Council of the Royal Society acceded thereto; this amount has 
been since placed at the disposal of three Members of the Committee, in 
order that the apparatus may be purchased, and certain preliminary experi- 
ments having been made, the instrument is in course of completion by 
Mr. Ross, optician. 

On the 14th November 1853, your Committee, on the recommendation of 
Mr. De la Rue, engaged the services of Robert Beckley, machinist. Mr.Welsh 
reports most favourably as to the efficiency of Mr. Beckley’s services, not 
only in respect to his great ingenuity and accuracy as a workman, but also 
as to the interest and intelligence with which he has entered into and assisted 
him in the general work of the Observatory. He resides with his wife in 
the building, receiving weekly wages of 35s., which sum includes the pay- 
ment to his wife as housekeeper. 


Ground contiguous to the Observatory.—In accordance with the recom- 
mendation contained in their last Report, your Committee have had several 
interviews with the Chief Commissioner of Woods, Forests, and Land Re- 
venue, with the view of obtaining the temporary use of about two acres of 
the land immediately adjoining the Observatory. Your Committee ascer- 
tained that the entire park round the Observatory was Jet at a yearly rental, 
and they were informed that it was necessary they should make arrange- 
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ments with the tenant previous to permission being granted to them to use 
the lands; the Honourable Mr. Gore, the Chief Commissioner, at the same 
time expressing his anxious desire to afford every facility to the Committee. 

In reply to an application of the Committee, the tenant offered the use of 
the land at the rate of £20 per acre. Your Committee, feeling they could 
not make any reply to such a demand, requested their Chairman, in conjunc- 
tion with Mr Hutton, to wait on Mr. Gore, who kindly appointed a day to 
meet the tenant and the Committee at the Observatory. It was subsequently 
arranged that for the present season, viz. until next October, the tenant 
should receive at the rate of £7 10s. per acre, and for the subsequent year 
£10 10s. per acre, at which period his present term with the Crown 
expires. 

Two acres of the land have been enclosed with a strong wooden paling pre- 
paratory to the erection of a wooden tower, under the superintendence of 
Mr. De la Rue, for mounting the Huyghenian object-glass, as recommended 
by the British Association. 

The cost of enclosing the land, the rent to October 1855, as well as the 
erection of the wooden tower, will be chiefly defrayed from funds supplied 
by the Royal Society for the erection of the Huyghenian telescope, from the 
annual Government Grant placed at its disposal: but your Committee earnestly 
recommend that an immediate application should be made by the Counoil of 
the British Association for the future gratuitous use of this small portion of 
the park, which will be found absolutely necessary for purposes now carried 
on and contemplated at the Observatory; while the very limited amount of 
funds which the Association can annually place at the disposal of your Com- 
mittee, renders such an amount for rent, which they would be compeHed to 
pay, of considerable importance. 

The daily increasing work in the Observatory, arising from the verifica- 
tion of meteorological instruments, as well as the probable necessity for 
other experimental purposes, renders it advisable that further assistance 
should be obtained; a portion of the increased expense that will be thus 
incurred, your Committee anticipate will be obtained from the amount to 
be received for the verification of the instruments, viz. 10s. for each baro- 
meter, and ls. for each thermometer. ; 

Your Committee consider that the present yearly stipend received by Mr. 
Welsh ought to be increased. It is impossible for them to report in sufficiently 
strong terms the high opinion they entertain of this gentleman’s services; 
but all who have visited the Observatory can bear witness, not only as to the 
efficient manner with which he has carried out the various duties your Com- 
mittee have from time to time suggested, but the zeal and untiring energy he 
has always evinced in the promotion of science, and in the furtherance of 
those objects for which he was originally appointed by the British Asso- 
ciation. 

Considering the variety and importance of the objects which are now 
being carried out at the Observatory, the Committee submit for the consi- 
deration of the Council, that should the financial state of the Association at 
Liverpool justify on increase in the annual sum placed at the disposal of the 
Committee, they feel confident that a larger grant than has been allowed in 
the last few years for the maintenance of the Observatory, might be so ap- 
propriated in the next year with great advantage to the interests of science 
and to the credit of the Association. 

Joun P. Gassriort, 

By order of the Committee. Chairman. 
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Correspondence. | 
(Copy.) . 
“ Office of Committee of Privy Council for Trad 
Marine Department, 27th March 1854. 

‘«‘ Srn,—I am directed by the Lords of the Committee of Privy Council 
for Trade, to address you as the Chairman of the Committée nominated by 
the British Association for the Advancement of Science to superintend the 
Kew Observatory ; and to state that for the purpose of aiding in carrying 
into effeet the proposed plan of making an extensive record of meteorological 
observations, My Lords contemplate that they shall have occasion to provide 
fifty barometers and three hundred and eighty thermometers, with both 
Fahrenheit and Centigrade Scales, and also one hundred and twenty wet 
bulb thermometers similarly graduated. 

‘It is of the highest importance that the instruments to be provided should 
be correct, and should bear upon them a stamp indicating that they have 
undergone an inspection and have been compared with an approved standard. 

“My Lords would therefore be greatly obliged if the Committee of the 
British Association could aid them with their valuable assistance in accom- 
plishing the purpose they have in view, and they would also be glad to be 
informed whether hydrometers with the graduated scale, and other instra- 
ments referred to in the report of the conference held at Brussels last year, 
could be tested at the Observatory. 

“ Their Lordships desire me to express their hope that the Committee will 
consider the object they have in view a sufficient apology for the step they 
have taken in making this application. 

7] have the honour to be, Sir, 
“ Your obedient Servant, 
“J. P. Gassiot, Esq.” (Signed ) “T,. H. FARRER.” 


(Copy.) 
‘Clapham Common, 3rd April 1854, 

“Sir,—In reply to your letter of 27th March I have been: directed to 
inform you, that for the purpose of forwarding a matter which is likely to 
prove of so much importance to the maritime interests of this country, the 
Kew Committee of the British Association are quite ready to superintend the 
execution of any contracts which the Board of Trade may make for the 
supply of thermometers and barometers. , 

“The Committee recommend that the same form of thermometers should be 
used for examining the temperature of the air, the sea, and aqueous vapour. 
The Committee have prepared a specimen of the thermometer approved by 
them for the purpose of taking observations at sea; this thermometer is 
divided in Fahrenheit degrees, and the Committee are of opinion that very 
great inconvenience, and a considerable sacrifice in accuracy, would result 
from any attempt to combine both the Fahrenheit and Centigrade scales on 
the same instrument. They are also of opinion that no advantage whatever 
would be gained by such a combination. 

‘A barometer has been selected, and its action tested by Mr. Welsh in a 
trip to Leith and back to London in a steamer ; some slight alterations in its 
construction are being made, and in the mean time, application has been 
imade to the Admiralty to have its action tested in a short cruise in the 
Channel, or North Sea, in order that its freedom from pumping, and conve- 
nience of reading may be judged of, and reported thereon by officers in 
H.M. Navy experienced in such observations. 
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“It is proposed by the Committee that the instruments shall be supplied 
at a fixed price, which for the barometer the Committee expect will be about 
£3 10s., and for the thermometer not exceeding 6s. each. 

“ In order to fulfil the conditions necessary to ensure the required accuracy, 
the Committee will prepare a memoranduin of conditions to which each in- 
strument-maker will be bound to accede in accepting the contract, and the 
price will include every expense of verification. 

“On the return of any vessel which may be supplied with these instru- 
ments, the Committee will be ready to examine the errors, for which a small 
fee will be charged to cover the expense incurred. 

“In respect to hydrometers recommended in the Brussels report, the Com- 
mittee suggest for the consideration of the Board of Trade, whether any ad- 
vantage could be obtained by their general use at sea. 

“The Committee suggest that all contracts should be made by the Board 
of Trade with the instrument-maker, the prices being first fixed by the Com- 
mittee, and which will include every expense of verification at Kew; and it is 
proposed that each instrument shall be stamped with a consecutive number. 

‘Should the above arrangements meet the approval of the Board of 
Trade, the Committee will be ready to forward a barometer and thermometer 
of the construction which they consider best adapted for the objects intended, 
and Mr. Welsh, whose especial duty it will be to compare each instrument 
before it is delivered to the Board of Trade, will be happy to wait on you at 
any time you may appoint. 

, “T have the honour to be, Sir, 
“ Your obedient Servant, 
yo , (Signed) “ Joon P. Gasstor.” 
“To T. H. Farrer, Esq., 
Secretary Marine Department, Board of Trade.” 

P.8. Should it be the wish of the Board, the Committee will readily take 
into consideration and recommend in a similar manner as they have the other 
instruments, a proper hydrometer suitable for ascertaining the specific gra- 
vity of sea water. 

(Copy.) 


“ Office of Committee of Privy Council for Trade, 
Marine Department, 6th April, 1854. 

“ Srr,—I am directed by the Lords of the Committee of Privy Council 
for Trade to request you to convey to the Committee of the British Associa- 
tion for conducting experiments at Kew, their best thanks for the prompt 
and satisfactory manner in which the Committee have acceded to their Lord- 
ships’ wishes as expressed in my letter of the 27th ultimo. 

“Tam to state that My Lords will avail themselves of the proposal of the 
Committee, and as it is desirable that no time should be lost in procuring 
the instruments in question, they will be obliged if the Committee will send 
a specimen of each of the instruments they approve (including an hydro- 
meter) to the Board of Trade. 

«© My Lords coincide in the opinion expressed by the Committee that 
much inconvenience may in the onset arise from the attempt to combine in 
thermometers the Fahrenheit and Centigrade scules, and they would there- 
fore wish that the present supply should have the Fahrenheit scale only. 


‘¢T am, Sir, 
_ . _ “Your obedient Servant, 
“J. P. Gassiot, Esq.” (Signed) “T. H. Farrer.” - 
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(Copy.) 
“‘ Clapham Common, 10th April, 1854. 

“‘Sin,—I beg to acknowledge the receipt of your letter of 6th inst. 

‘I have given instructions for a thermometer constructed under the 
superintendence of the Kew Committee, and recommended by them for 
adoption by the Board of Trade, to be forwarded to you for inspection. 

“The instrument-makers selected by the Committee for the supply of 
thermometers are Messrs. L. P. Casella and Co., 23 Hatton Garden, and 
Messrs. Negretti and Zambra, 11 Hatton Garden, to whom the Committee 
have addressed letters, copies of which I annex, as also of the replies which 
the Committee received. 

‘‘The Committee are of opinion that the sum of one shilling per thermo- 
meter will cover the cost of verification at Kew, and this sum must therefore 
be added to whatever tender the Board of Trade may accept. 

‘“* No arrangement has been made by the Committee for the cost of packing, 
or the carriage of the instruments to and from the Observatory for verification. 

“ The barometer selected by the Committee has been constructed by Mr. 
Adie, of the Strand ; its action has been tested by Mr. Welsh, but in con- 
sequence of suggested improvements, arrangements have been made for a 
further trial. In a few days the Committee will be enabled to forward the in- 
strument for inspection, together with every information as to its probable cost. 

‘‘ The Committee have given instructions for the construction of the hydro- 
meter, suitable for the purpose of taking the specific gravity of sea water, 
and on receiving the instrument from the makers will forward it to you, 
with an estimate of the cost of its construction. 

“TT. H. Farrer, Esq.” (Signed) “ Joun P. Gassior.” 
(Copy.) 
* Clapham Common, 10th April, 1854, 
“Dear Sir,—At a meeting of the Kew Committee held this day, it was 
resolved, that the offer of Mr. Clutton, for the temporary use of about twa 
acres of the land immediately contiguous to the Observatory, and to be used 
for Meteorological and Astronomical purposes, should be accepted at the 
rate of £10 10s. per acre; such rent to commence from 25th of last March. 
It is also understood by the Committee, that the amount of any damage 
sustained by the cartage of materials for the erection of any buildings re- 
quired by the Committee, is to be referred to Mr. Clutton, by whose deci- 
sion the Committee will be bound. I am desired by the Committee to 
express to you their thanks for the kind and prompt manner in which you 
have always received their applications, and particularly for the personal 
trouble you took in visiting their Observatory, for the purpose of ascertain-~ 
ing the precise requirements of the Committee. 
‘I have the honour to be, dear Sir, yours truly, 


s* To the Hon. Charles Gore.” (Signed) “ Joun P, GAssior.” 
' __ (Copy.) 
‘¢ Office of Committee of Privy Council for Trade: Marine Department, 
“2187. 20th April, 1854. : 


“ Str,—I am directed by the Lords of the Committee of Privy Council 
for Trade to acknowledge the receipt of your letter of the 10th instant, with 
the inclosures from Messrs. Casella ard Company, and Messrs. Negretti and 
Zambra, and I am to request that you will convey to the Kew Observatory 
Committee of the British Association their Lordships’ thanks for the infor- 
mation therein contained. “ T am, Sir, your obedient Servant, 


(Signed “ T. H. Farrer.” 
* John P, Gassiot, Esq.” 
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Copy. 
(Copy ) ¢ Clapham Common, 2nd June, 1854. 

‘¢ Sin,—Io reference to my letter of 3rd April, I have now to acquaint 
you, that the Committee have decided on the barometer which they con- 
sider most applicable for marine observations, one of which I forward for 
inspection. 

“In selecting the form of marine barometer best adapted to the purpose 
of making observations at sea, the Committee have endeavoured to combine 
convenience and ceconomy with accuracy, durability, and simplicity in con- 
struction apd adjustments. A barometer which has been constructed by 
Mr. Adie appears to them to fulfil those conditions in a satisfactory manner. 
Its action at sea has been tested under their superintendence by Mr. Welsh 
on two occasions, one on a voyage to Leith and back, and subsequently to 
the island of Jersey. The general conclusion arrived at in those trials is, 
that in order to reduce the pumping of the mercury within convenient 
limits, it is necessary to have the tube contracted to such an extent that the 
mercury will take about twenty minutes to fall from the top of the tube to 
the height indicating the true pressure of the atmosphere at the time. From 
comparisons made at Kew with the standards there, it has been found that 
owing to this contraction in the tube the absolute freedom of the mercury 
is to a small extent interfered with ; as the motion of the mercury in the 
standard barometer is always a little in advance of the marine barometer ; 
that is, when the mercury is rising, from increasing pressure of the atmo- 
sphere, the marine barometer is a little lower than the standard, and, on the 
contrary, when the mercury is falling, the marine barometer is a little higher.. 
The amount of this retardation is however very small, something less than 

th of an inch, and from its being in opposite directions in a rising and 
alling barometer, will produce no error in the mean height of the barometric 
column; it will, however, to some extent mark the smaller changes, such as 
the hourly variations. It should be remarked, however, that the motion of 
the ship will always tend to diminish the amount of the retardation, and it 
is believed will in general nearly destroy it. 

“The instrument is constructed by Mr. Adie, of $95 Strand; the price, 
including cost of packing-case, 10s. for verification at the Observatory, car- 
riage there, and subsequent delivery in London, will be 3é. 15s. 6d., at 
which price Mr. Adie is prepared to supply avy quantity that may be 


required. ‘* I have the honour to be, Sir, your obedient Servant, 
‘©. H. Farrer, Eeq., Board of Trade.” (Signed) “ Joun P. Gassior.” 
(Copy-) 


“‘ Clapham Common, 2nd June, 1854. 

‘«¢ Srn,—I am instructed by the Committee of the British Association to 
acquaint you, that after much consideration they have selected and decided 
on a barometer which they consider applicable for marine observations. 

As to Mr. Farrer, 2nd June. 

“The Committee suggest, that it might be advisable that the barometer 
should be also tested at sea by an officer of H.M. Navy, qualified to judge of 
the suitability of the instrument for the objects contemplated. 

“The barometer is constructed by Mr. Adie, of 395 Strand: the price, 
including the cost of packing-case, 10s. for verification at the Observatory, 
carriage there, and subsequent delivery in London, will be 8/. 15s. 6d. 

“I have the honour to be, my dear Sir, yours obediently, 
; (Signed) “Joxn P. Gassior, 
“ Sir FP. Beaufort, F.R.S., Hydrographer, ‘“‘ Chairman of Kew Committee, 
&c. &c, &c. Admiralty.” British Association.” 
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(Copy.) 

“* Hydrographic Office, Admiralty, 3rd June, 1854. 

-- Dgrar Srr,—In acknowledging your favour of yesterday's date, I have 
to request that you will convey my thanks to the Kew Committee of the 
British Association for that satisfactory communication, and that I am glad 
to learn that a marine barometer has at length been constructed which is 
likely to fulfil so many useful conditions. 

“In order to carry into immediate execution the suggestions of the Kew 
Committee, I would beg the favour of your directing Mr. Adie to supply 
this office, without delay, with one of those instruments. 

“IT have the honour to be, Sir, - 
* Your most obedient Servant, 
(Signed) ‘“F. Beavurort, 


“ John P. Gassiot, Esq., Chairman of Kew Committee, ‘‘ Hydrographer.”’ 
pham Common.” ; 
(Copy.) | 
*‘ Office of Committee of Privy Council for Trade: 
. “9914, Marine Department, Sth June, 1854. 


*‘ Sin,—I am directed by the Lords of the Committee of Privy Coaneil 
for Trade, to acknowledge the receipt of your letter of the 2nd instant, and 
of the pattern barometer upon which the Kew Observatory Committee of 
the British Association have decided as most applicable for marine observa- 
tions ; and I am to acquaint you, that My Lords will avail themselves of the 
arrangements which the Committee have been so good as to make with the 
several instrument-makers, as soon as they are prepared to give the order 
for a supply. 
“T am, Sir, 

. “ Your obedient Servant, 
“J, P. Gassiot, Beq.” “T. H. FArRer.” 


Report oF THE PARLIAMENTARY COMMITTEE OF THE BRITISH AssO- 
CIATION TO THE MEETING HELD AT LIVERPOOL IN SEPTEMBER 1854. 


The Parliamentary Committee have the honour to report as follows :— 

The subjects to which the attention of the Committee has been directed 
since their last report, are— 

Ist. Lieut. Maury's scheme for the improvement of Navigation. 

2nd. The conditions on which pensions are now bestowed on men of 
science. | 
_ $rd. A correspondence which they have commenced with various eminent 
cultivators of science on the question,—Whether it might be possible to 
improve the position of science or its cultivators in this country by any mea- 
sures to be adopted by Government or Parliament. 

4th. The proposed juxtaposition of the scientific societies in some central 
locality of the metropolis. 

re ‘to the first,— 

The Chairman aod Mr. Heywood have had interviews with the President, 
the Vice-President and Officers of the Board of Trade on this subject, and 
Mr. Heywood has on two several occasions addressed some remarks to the 
House of Commons thereon ; and the Committee have great pleasure in 
reporting, that Government have now established a department in,the Board 
of Trade, with the view of carrying out in every particular the recommen- 
dations of the Royal Society and this Committee, in reference to this 
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important scheme for improving navigation, and accumulating meteorological 
data to an extent far surpassing anything which has hitherto been attempted. 
The Government have also appointed Capt. Robert FitzRoy, R.N. to be at 
the head of this new department, which is in itself a guarantee that it will suc- 
cessfully carry out all the important objects for which it has been established. 

Scientific officers of the navy and mercantile marine will now feel assured 
that the records of their valuable observations and surveys will no longer 
slumber neglected amidst the dust of offices, but be reduced and rendered 
available to science and mankind without any unnecessary delay. The sum 
voted for the new department by the House of Commons for the present 
year is £3200, but there can be no doubt that this sum will be augmented 
in future years, if the expectations that we have been led to form as to the 
inestimable public benefits likely to flow from the labours of this office shall 
be realized. 

Captain FitzRoy has since his appointment been employed in superin- 
tending the construction of instruments, printing forms, and selecting agents 
at the outporte. Some ships will be supplied with instruments in October, 
and Captain FitzRoy expects that the new office will be fully organized in 
the succeeding month. 


The following correspondence relates to the second subject above-men- 


tioned :— ‘© 14th March, 1854. 


“ My Lornp,— As Chairman of the Parliamentary Committee of the British 
Association appointed for watching over the interests of science, I have been 
requested to address you on a subject of great importance to those interests. 

“ Your lordship is probably not aware, that soon after the accession of the 
late Government to power, Sir Robert Inglis and myself solicited and obtained 
an interview with Lord Derby, in which we represented to him that consider- 
able dissatisfaction prevailed among the cultivators of science generally at the 
bad success which had attended certain then recent applications for pensions 
to some eminent scientific individuals, which had been preferred by the Pre- 
sident of the Royal Society, and by subsequent investigations it was ascer- 
tained (and I communicated the fact to Lord Derby by letter dated in April 
1852), that since the accession of Her Majesty about thirteen per cent. only 
of the annual sum allowed by Parliament to be granted for pensions to 
deserving persons had fallen to the lot of science, a result which naturally 
eontributed to increase that feeling of dissatisfaction, to which I have already 
adverted. 

“It appears that a recent application by Lord Rosse of a similar character 
has been unsuccessful, and that your lordship in declining to accede to it 
expressed yourself as follows :—‘ In order to meet even a small portion of 
the claims preferred to me, I have been compelled to require that poverty 
should be the attendant of merit; and that the pension should be as much 
the relief of pecuniary distress as the acknowledgment of intellectual attain« 
ments. Lord Rosse could not of course consider a letter from your lord- 
ship on a subject of vital importance to science in the character of a pri- 
vate communication; and as that subject had already been referred to the 
consideration of our Committee, of which he is an influential member, a copy 
of your lordship’s letter was laid before it. 

“ Now whatever our individual opinions may be on the merits of the par- 
ticular case to which I have alluded, I purposely abstain from stating them, 
in order that the object of the present address may not be misunderstood,— 
that object being, to represent to your lordship, with all that respect which is 
justly due both to yourself and to the high station which you oocupy, that the 
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views above expressed as to the disposal of the pension fund, would render 
absolutely nugatory, so far as science and its cultivators are concerned, all 
the benevolent intentions which Parliament and the country must be supposed 
to have entertained in their favour when the provision in question was created. 
‘That the grant of a pension would be an inappropriate method of recom- 
pensing scientific merit when possessed by those who may be properly termed 
rich, 1 am not disposed to deny; but if it were hereafter to be understood 
that the receipt of a pension from the Crown were full as much the indica- 
tion of absolute poverty, as an acknowledgment of high intellectual attain- 
ment, we apprehend that the object of the grant would be hereafter but ill 
attained. 
Had such a view of the intention of Parliament been formally 
announced, the honoured names of Airy and of Owen, of Hamilton and 
Adams, would never have appeared on the pension list; and that small 
encouragement to abstract science which has hitherto been dispensed by the 
British Government, would virtually have been withdrawn ;—the bounty of 
Parliament and the Crown would have been looked upon in the light of alms, 
and men of eminence would not have consented to be paraded before the 
public as its needy recipients. Considering your lordship’s known appre- 
ciation of the claims of literature, and we hope we may also add of science, 
upon a nation which depends so essentially for its prosperity and even safety 
upon the progress of improvement in every branch of intellectual exertion, 
I cannot but express on my own part, and on that of my colleagues, our 
earnest hope that your lordship will reconsider your views of the object of 
pensions, and refrain from exacting conditions for their enjoyment which 
cannot be otherwise than painful to all who have a high sense of the dignity 
of their pursuit, and may possibly be considered as tending to degrade it. 


“I remain, &e WROTTESLEY. 


“ Downing Street, March 29th, 1854. 

- & My Lorp,—The letter which I addressed to Lord Rosse in October last, 
in answer to an application from several distinguished scientific men for a 
pension of two hundred a year to Professor Phillips, was intended rather as 
@ private explanation of the motives which had practically regulated my dis- 
tribution of the Civil List Pensions, than as laying down any fixed principle 
on the subject. But, with the greatest respect for your Lordship’s Committee, 
and after fully considering the matter, I do not know that I can materially 
qualify the statement made by me to Lord Rosse. 

‘It has been my endeavour, as much as possible, to appropriate theee Pen- 

sions to persons more or less connected with science or literature, or to their 
families ; but the vote of the House of Commons would include a much wider 
range. The geueral belief that these Civil List Pensions were intended by 
Parliament exclusively for science and literature is altogether incorrect; and 
it is right that this should be clearly understood. 
_ “©The following are the terms of the Act, by which the Queen was enabled 
‘to grant pensions not exceeding £1200 in any one year, to such persons 
only who have just claims on the Royal beneficence, or who by their per- 
sonal services to the Crown, by the performance of duties to the public, or 
by their useful discoveries in science and attainments in literature and the 
arts, have merited the gracious consideration of their sovereign, and the 
gratitude of their country.’ 

“It is obvious that the whole sum of £1200 might very easily be ex- 
pended according to the terms of the Act, without any portion of it being 
appropriated to science and literature. Indeed, this great latitude has occa~ 


‘* To the Earl of Aberdeen, &c.” 
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acknowledgment of scientific merit. There are three or four persons whose 
names I should be most anxious to include in such a distribution ; but under 
present circumstances, I am prevented from doing so by want of ineans. 

“On the whole then, and without making any resolution which should 
preclude me from exercising a discretion on the subject according to the 
circumstances of the case, I am still disposed to think that, as a general rule, 
the practice I have followed must be considered as most extensively beneficial. 

“T have the honour to be, &c., 
“The Lord Wrottesley.” ‘“‘ ABERDEEN.” 


As to the third subject above adverted to, the Chairman, with the sanction 
of the Committee, has addressed the following question to several distin- 
guished men of science— Whether any and what measures could be adopted 
by the Government or the Legislature to improve the position of science and 
of its cultivators in this country? Several answers containing suggestions 
of great value and interest have been already received, and when the results 
of the inquiry have been embodied in a report, it will be communicated to 
the General Committee. 

4th. Fhe Royal Society Council having referred the question of the pro- 
posed juxtaposition of scientific societies to your Committee, the Chairman, 
together with several members of the Committee, accompanied a deputation 
to Sir William Molesworth, the Chief Commissioner of Works (to whom they. 
had previously sent particulars of the amount of accommodation the principal 
scientific societies would require), on the 8th of July laet; Sir William Moles- 
worth however stated, that he had no actual authority to make any offer to 
the deputation of any part of the site of Burlington House. Some discussion 
took place on the various questions involved in this arrangement, and Sir 
William intimated his opinion, that the societies already occupying apart- 
ments in Somerset House had peculiar claims on the Government, and would 
have a preference in the allocation of the site. 

The Chairman availed himself of the opportunity afforded by the discus 
sion of the Oxford University Bill in the House of Lords, to make some 
observations on the neglect of the study of Physical Science at that Univer- 
sity, and it is indeed much to be regretted that the rewards held out as an 
inducement to the study of science in that University should be so insignifi- 
cant in amount, and, secondly, that some knowledge at least of the laws and 
phzenomena of nature is not required asa necessary preliminary to a degree : 
these studies are in themselves so attractive to the generality of minds, that 
the mere admission within the vestibule of science often leads to a successful 
exploration of its inmost recesses:—and could the Universities be induced 
to adopt this suggestion, our public schools would be compelled to teach it, 
its ranks would be immediately reinforced by a corps of zealous worshipers; 
and an increased demand would arise for professors, whose emoluments 
would furnish an additiona) stimulus to the prosecution of these delightful 
and soul-exalting pursuits. 

The General Committee will hear with regret that Sir Robert H. Inglis, 
having retired from Parliament, has ceased to be a Member of this Com- 
mittee. Your Committee recommend that Mr. John Ball, M.P. for the 
county of Carlow, who is both an old Member of the British Association and 
well known as a cultivator of natural science, be appointed to succeed him. . 
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Your Committee cannot take their leave of their late colleague without 
an expression of their grateful thanks for the zealous and valuable assistance 
which he afforded to them when his cooperation was invited ; and when the 
Committee call to mind the various occasions on which he has supported 
the interests of science in the legislature, they cannot but consider that by 
the retirement of Sir R. H. Inglis from Parliament, science has lost therein a 
zealous advocate and a sincere friend. 

18th September, 1854. W ROTTESLEY. 


- 


REcOMMENDATIONS ADOPTED BY THE GENERAL COMMITTEE AT THE 
LiveERPOOL MgeTING 1N SEPTEMBER 1854. 


[When Committees are appointed, the Member first named is regarded as the Secretary of 
the Committee, except there be a specific nomination.] 


Involving Grants of Money. 


The Committee having had under consideration the Report of the Council 
accompanied by the Report of the Kew Committee, which describes their Pro- 
ceedings during the past year, have the satisfaction of expressing their full 
concurrence in the views and proceedings recorded in those Reports; and 
having learned that to meet special charges in the current year, a large 
grant will be required ; resolved— 

That the sum of £500 be placed at the disposal of the Council, for the 
maintenance of the Establishment at Kew. 

That the Committee appointed in 1852 for the investigation of the Physical 
Aspect of the Moon, be re-appointed, and requested to continue their labours ; 
with £25 at their disposal for the purpose. 

That Mr. Mallet be requested to continue his researches as to the best 
method of determining instrumentally the direction, intensity, and time of 
Earthquakes; with £50 at his disposal for the purpose. 

That Professor Phillips and Professor A. Ramsay be requested to construct 
a tabulated drawing of the various geological strata, for use in the Geological 
Section ; with £15 at their disposal for the purpose. 

That £100 be contributed in aid of the publication of the late Mr. Hugh 
E. Strickland’s Manuscript Work on Ornithological Synonyms. 

That Dr. Lankester, Professor Owen, Dr. Dickie, and Dr. Laycock be a 
Committee for drawing up Tables for the registration of periodic phenomena; 
with £10 at their disposal for the purpose. 

That Dr. Daubeny, Dr. Lindley, and Professor Henslow be requested to 
continue their experiments on the Vitality of Seeds; with £11 at their dis- 
posal for the purpose. 

That Professor Henslow, Professor Phillips, Sir Wm. Jardine, Mr. C. C. Ba- 
bington, Prof. E. Forbes (since deceased ), Professor Balfour, Professor Owen, 
Dr. Hooker, Mr. J. Scott Bowerbank, Rev. M. J. Berkeley, Dr. G. Johnston, 
Mr. Huxley, and Dr. Lapnkester, be requested to draw up a Report on the 
best manner of selecting and arranging a series of Typical Objects illustrative 
of the three kingdoms of Nature, for provincial Museums ; with £10 at their 
disposal for the purpose. 

That Mr. Patterson be requested to continue the dredging operations in 
the neighbourhood of Belfast; with £10 at his disposal for the purpose. 

That the grant of £15, to provide a large Outline Map of the World, for 
the use of Section E., be renewed, and that the President of Section E., 
Sir Roderick Murchison, be requested to obtain such a Map as the Section 
Tequires. 
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That the sum of £5 be granted for the purpose of sending out the Eth- 
nological questions, and that Dr. Conolly and Mr. Cull be the Committee 
for that purpose. 

Applications to Government or Public Institutions. 

That application be made by the President and Officers to Her Majesty's 
Government for the use, rent-free, of Two Acres of Ground, adjacent to the 
Kew Observatory, when the present lease expires, and for the laying on of 
Gas for the use of the Establishment. 

‘That application be mfde to the Master-General of the Ordnance for the 
early publication of a Table of the Heights determined by the Trigonometrical 
Surveys of the United Kingdom; and that the said Table be accompanied by - 
a statement of the levels of the sea taken as the base of the observations now 
in progress in England, in Scotland, and in Ireland; of the places where taken ; 
and of the reasons for the selection of the same respectively. 

That the Dean of Ely, the Astronomer Royal, Sir J. F. W. Herschel, Col. 
Sabine, Col. Sykes, Mr. Gassiot, Professor Miller, and Mr. Hopkins, be 
appojuted a Committee for considering the propriety of repeating the Balloon 
Experiments of 1852, and of applying to the Royal Society for the grant of 
the necessary funds. 

That in reference to the Expedition to North Australia, which has been 
so long contemplated, and for which a Parliamentary grant was voted last 
Session, en application be made to Her Majesty's Government, that the 
arrangements for its prosecution be completed with all convenient despatch ; 
and that a deputation, consisting of Sir R. Murchison, Dr. Conolly, Dr. 
Latham, and Dr. Shaw, be appointed to wait on His Grace the Duke of 
Newcastle, to represent the wishes of the Association. 

That it is expedient, for the advancement of our knowledge of Naval 
Architecture, that a portion of the intended Museum at Liverpool should be 
appropriated to this subject. 

That Mr. W. Fairbairn, Mr. J. Nasmyth, and Mr. J. Whitworth, be a Come 
mittee for taking the necessary steps for instituting an inquiry into the causes 
of Boiler Explosions. 

That the Earl of Harrowby, the Dean of Ely, Col. Sabine, Prof. Graham, 
Mr. W. Fairbairn, and Mr. t. Webster, be a Committee for the purpose of 
taking such steps as may be necessary to render the Patent system of this coun- 
try, and the funds derived from inventors, more efficient and available for the 
reward of meritorious inventors and the advancement of practical science. 

The General Committee having Jearnt, in the progress of this Meeting, that 
great differences of opinion prevail in the port of Liverpool regarding the 
navigation of iron ships, and that great inconvenience and loss have been 
experienced in consequence of the errors occasioned in the compass by the 
iron of the ship, recommend to the shipowners and other gentlemen inter- 
ested in navigation at Liverpool, to form a committee for the purpose of 
considering the question, and making such representations to Her Majesty’s 
Government as may appear necessary, and of offering any suggestions which 
they may think desirable. 

That Mr. Henderson and Col. Chesney be a Committee for the purpose 
of collecting the statistics of the design, arrangement, and dimensions of 
Life-boats, 


xlvin REPORT—1854. 


Not Involving Grants of Money or Application to Government. 
PARLIAMENTARY COMMITTEE. 


The General Committee are desirous of expressing their thanks to the 
Members of the Parliamentary Committee for the valuable services which 
they have rendered to science since the last ineeting of the Association: the 
establishment of a department of the Board of Trade, under the superin- 
tendence of Captain Robert FitzRoy, so well known as a scientific navigator, 
for collecting meteorological and other observations at sea, and for promptly 
discussing and disseminating the information which they afford, in conjunction 
with the corresponding system of Lieut. Maury, which has been in operation 
for several years in the United States, is likely to prove of the most important 
benefit to the interests of navigation and commerce: and the Committee 
gladly avail themselves of this opportunity of acknowledging the support 
which this great and wise measure has received from the able and perse- 
vering advocacy of Lord Wrottesley and Mr. James Heywood ; and they beg 
also to notice with particular satisfaction the important aid which is likely to be 
afforded to the successful operation of this system of observations by the 
Observatory at Kew, and its indefatigable superintendent Mr. Welsh. 

The Committee sincerely join in the general feeling of regret which has been 
expressed at the retirement from Parliament of Sir Robert Harry Inglis, who 
was on every occasion ready to throw the influence of his high public and 
private character in favour of every project which was calculated to advance 
the cause of science and ‘humanity. 

The following Resolutions were adopted in reference to the Parlia- 
mentary Committee:— 

That any Member of the Parliamentary Committee who shall not have 
attended any one Meeting of that Committee for the space of two years, 
shall be considered as having resigned, but shall be eligible for re-election, 
and the vacancy so caused shall be supplied in the same manner as vacancies 
now occurring are directed to be supplied. 

That John Ball, Esq., M.P. for Carlow, be elected a Member of the Par- 
liamentary Committee vice Sir R. H. Inglis, Bart., who has retired from 
Parliament. 


Applications for Reports, &c. 


That Mr. Robert Hunt be requested to continue his researches on the 
Chemical Action of the Solar Rays. 

That Dr. Hodges of Belfast, and Dr. Gladstone, F.R.S., be requested to 
continue their respective researches on Flax Fibre and on Solar Radiation, 
and report thereon. 

That Dr. T. Anderson, F.R.S.E., be requested to furnish a report to the 
next Meeting on the Progress of Chemical Manufactures in Glasgow. 

That Prof. Williamson, Ph.D., be requested to report on Recent Researches 
on Chemical Affinity. . 

That Prof. Miller, M.D., be requested to report on the recent progress of 
Electro-Chemistry. 

That Mr. P. P. Carpenter be requested to draw up a report on the present 
state of our knowledge with regard to the Mollusca of California. 

That Mr. Fairbairn be requested to continue his Experiments on the 
strength of Wrought-iron plates at different temperatures. 

That the Committee, consisting of Mr. James Thomson, A.M., C.E., 
Belfast, and Mr. William Fairbairn, C.E., F.R.S., be requested to cuntinue 


RESBARCHES IN SOLENOCE. xlix 


their Experiments on the Friction of Discs in Water, and on Centrifugal 
Pum 

That a Committee, consisting of the Earl of Harrowby, Admiral Beeche 
Mr. Joseph Brooks Yates, Mr. Joseph Boult, Sir R. I. Murchison, and 
George Rennie, be appointed to investigate and report upon the effects pro- 
duced upon the channel of the Mersey by the alterations which within the 
last fifty years have been made in its banks ;—Mr. Boult to be Secretary of 


> the Committee. 


That Mr. John Scott Russell be requested to prepare a report on the pre- 
sent state of our knowledge of Naval Architecture. 


Printing of Communications. 
That the Paper by Mr. W.G. » Armstrong, F.R.S., on Various Applications 
of Water-pressure Machinery, be published tn extenso in the Report. 
That a Communication by Mr. Follett Osler, entitled “‘ Description of the 
Anemometer erected at the Observatory,” with report on the Observations 
made therewith, be printed entire in the volume for this year. 


Synopsis of Grants of Money appropriated to Scientific Objects by the 
General Committee at the Liverpool Meeting in Sept. 1854, with the 
name of the Member, who alone, or as the First of a Committee, és 
entitled to draw for the Money. 


Kew Observatory. -& 8 d. 
At the disposal of the Council for defraying Expenses ...... 600 0 0 
- Mathematics and Physics. 
Rossz, EARL or.—Physical Aspect of the Moon.......... 25 0 0 
Geology. 

MALteEt, Mr. R.—Earthquake Movements.............. - 5000 
Puituips, Prof. John.—Tabular Views of Strata .......... 15 0 0 
Zoology and Botany. 

At the disposal of the Council—For Ornithological Synonyms 100 O O 
LanxkesTER, Dr.—Periodical Pheenomena...............- 10 O O 
Dauseny, Dr.—Vitality of Seeds ...... 0... ce ee eee ees 11 0 O 
Henstow, Prof—Typical Objects for Museums .......... 10 0 O 
Patterson, Mr. R.—Dredging near Belfast............ . 100.0 
Geography and Ethnology. 

Morcuison, Sir R.—Map of the World................05 16 0 0 
Conotiy, Dr.—Ethnological Queries ..........+.ceceeees 6 0 0 
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General Statement of Sums which have Seen paid on Aocount of Grants for 


mIOo o& Eo0ooogoo0ooqoo0oocrmodoad 


c¢ Purposes. 
£ a. d. £ 8. ad, 
«1834. 1839. 
Tide Discussions..........+. eee 20 O O| Fossil Ichthyology ...........: 110 0 O 
Meteorological Observations 
_ 1835. at Plymouth ...........0008 63 10 0 
Tide Discussions........... w 62 0 O| Mechanism of Waves....... 144 2 0 
British Fossil Ichthyology... 105 © 0 | Bristol Tides ..s..scscsscesee 35 18 6 
£167 0 0 Meteorology and Subterra- 
1836. pean emperature ......... 21 11 O 
Tide Discussions......... secre 163 0 O cutrification Expe ani “ 108 7 
British Fossil Ichthyology... 105 0 0 Railway C xperiments « 28 7 2 
Thermometric Observations, Land ond Sea Level eee 274 1 4 
- HO. ceccovccecccsecceccsecscees 50 0 O eee 
Experiments on long-conti- Stare in or fa 331 18 6 
Rein Gauges seeeeeeneeacses ene u 15 2 | Stare in Lacaille........ IL 0 0 
Refraction Experiments...... 15 0 0 Stars | 1 Ae a5. Catalogue... i + 6 
Lunar Nutation .............. 60 0 0} g& were en Co nee all... 
Thermometers...0.ssssscecc., 15 6 0 | seeam-engines in Cornwall. 50 0 0 
Atmospheric Air......... owe. 16 1 0 
£434 14 0 | Cast and Wrought Iron...... 40 0 O 
1837. Heat on Organic Bodies ... 3 0 O 
Tide Discussions............... 284 1 0 | Gases on Solar Spectrum ... 22 0 0 
Chemical Constants ......... 2413 6 | Hourly Meteorological Ob- 
Lunar Nutation ............. 70 0 0} servations, Inverness and 
Observations on Waves .. 100 12 0 Kingussie ...eccccccccseee. 49 7 8 
Tides at Bristol wceccocecece » 150 4) 8) Fossil Reptiles Poegcseccssosves 118 2 9 
Meteorology and Sibterra- Mining Statistics ............ 50 0 O 
nean Temperature ......... 89 5 3 £1595 11 0 
Vitrification Experiments .. - 150 0 0 —— 
Heart Experiments......0.. 8 4 6 
Barometric Observations ... 30 0 0O 1840 
Barometers ......ssecsccossessee 1118 6 " 
Bristol Tides .......0.ccesse0e. 100 0 
£918 14 6 | Subterranean Temperature... 13 13 
1838. Heart Experiments........+00 18 19 
Tide Discussions.........0... 29 0 © | Lungs Experiments ........ 8 13 
British Fossil Fishes ......... 100 0 © | Tide Discussions............... 50 0 
Meteorological Observations Land and Sea Level ecveserees 6 1] 
and Anemometer (con- stars eat Céleste) ....+. 2 iS 
struction) ........56. serves 100 0 0 B CAACAIINC) orcescnsecerees 
Cast Iron (strength of). woes 60 0 O Stars (Catalogue) Coccaaccece » 264 O 
Animal and Vegetable Sub- Atmospheric Air.........00000.4 15 16 
stances (preservation of) 19 1 10 | Water on Iron ...... ssscceee 10 0 
Railway Constants............. 41 12 10 | Heat on Organic Bodies .. 7 0 
Bristol Tides .........s0s0000. 50 0 0 | Meteorological Observations 52 17 
Growth of Plants ........... 75 0 © | Foreign Scientific Memoirs.. 112 1 
Mud in Rivers ..... ssscsrssee 3 6 6 | Working Population ......... 100 0 
Education Committee eovecs . ) ¢) School Statistics... Seeecneosecse 50 # 
Heart Experiments............ 3 © | Forms of Vessels ........00. 184 7 
Land and Sea Level ......... 967 3 7 | Chemical and Electrical Phee- 
Subterranean Temperature . es 'g 6 Oo TOMCDG  nccccccccsccvccsscce 40 0 
Steam-vessels ........sces00ee 100 0 0 | Meteorological Observations 
Meteorological Committee... 31 9 5 at Plymouth coccccces sssere 80 O 
Thermometers.......:000-.. 16 4 © | Magnetical Qbgervations ... 185 13 
"£956 122 £1546 16 
nae 


GENERAL STATEMENT. 


£ 3. d. 
1841. 
Observations on Waves ..... . 30 0 0 
Meteorology and Subterra- 

nean Temperature ......... 8 8 O 
Actinometers ......ccccsse000 10 0 0 
Earthquake Shocks ......... 17 7 0 
Acrid Poisons.........ce00.0.8 6 O O 
Veins and Absorbents ...... 3 0 O 
Mud in Rivers......cc00.0.0.008 58 0 0 
Marine Zoology .....ccccoeesee 15 12 8 
Skeleton Maps ............... 20 0 0 
Mountain Barometers ...... 618 6 
Stars (Histoire Céleste)...... 185 0 O 
Stars (Lacaille) .....cccwe. 79 5 O 
Stars (Nomenclature of) ... 17 19 6 
Stars (Catalogue of )......... 40 0 O 
Water on Iron ...cesccreeeeee 50 0 O 
Meteorological Observations 

at Inverness......sccccccccee 20 0 0 
Meteorological Observations 

(reduction Of) ...ccccscccosse 25 O O 
Fossil Reptiles ...cceccseseere 50 0 0 
Foreign Memoirs ........... 62 0 0 
Railway Sections ............ 38 1 6 
Forms of Vessels ............ 193 12 0 
Meteorological Observations 

at Plymouth .............. 55 0 0O 
Magnetical Observations ... 6118 8 
Fishes of the Old Red Sand- 

BTONE ..cccccccccccecccsssesee 100 O O 
Tides at Leith........cecscceeee 560 0 0 
Anemometer at Edinburgh » 69 1 10 
Tabulating Observations ... 9 6 3 
Races of Men...,......0088. 5 O O 
Radiate Animals....,.......... 2 0 0 

Lins 10 11 

TY 

1842. 

Dynamometric Instruments 113 11 2 
Anoplura Britanniz ......... 52 12 0 
Tides at Bristol . ........ss00- 59 8 0O 
Gases on Light ............ .. 3014 7 
Chronometers......... eceecesee 26 17 6 
Marine Zoology .....csssecsess 1 5 0 
British Fossil Mammalia ... 100 0 0 
Statistics of Education ...... 20 0 0 
Marine Steam-vessels’ En- 

BIMES oc roeccssccvevececees 28 0 0 
Stars (Histoire Céleste) . wwe 59 0 O 
Stars (Brit. Assoc. Cat. of) 110 0 0O 
Railway Sections ............ 161 10 O 
British Belemnites ...... voce 50 0 O 
Fossil Reptiles (publication 

Of Report) .....+ccscceseeees 210 0 0 
Forms of Vessels .........04- 180 0 0 
Galvanic Experiments on 

ROCKS acccccscsccccssccossenes 5 8 6 
Meteorological Experiments 

at Plymouth ...cccccceee 68 O O 


Quad 
@te 


£ 3. d, 
Constant Indicator and Dy- 
namometric Instruments... 90 0 O 
Force of Wind ......ccssseee 10 0 O 
Light on Growth of Seeds... 8 O O 
Vital Statistics ..........000 50 0 0 
Vegetative Power of Seeds .. .» 8 111 
Questions on Human Race.. 7 9 O 
£1449 17 8 
ee 
1843. 
Revision of the Nomencla- 
ture of Stars ...cccccccceeee 2 O O 
Reduction of Stars, British 
Association Catalogue ... 25 0 O 
Anomalous Tides, Frith of " 
Forth ....ceseee beseseeses we 120 0 O 
Hourly Meteorological ‘Ob- 
servations at Kingussie and 
Inverness....... eevectosceeees 77:12 8 
Meteorological Observations 
at Plymouth .........s0+00 55 0 
Whewell’s Meteorological 
Anemometer at Plymouth 10 0O 
Meteorological Observations, 
Osler’s Anemometer at 
Plymouth  ......scsereeeeees 20 0 0 
Reduction of Meteorological 
Observations .........ecs00. 30 0 0 
Meteorological Instruments 
and Gratuities ......sssesces 39 6 O 
Construction of Anemometer 
at Inverness ......... nocues 56 12 2 
Magnetic Co-operation ..... - 10 8 10 
Meteorological Recorder for 
Kew Observatory .«.....« - 60 0 0 
Action of Gases on Light... 18 16 1 
Establishment at Kew Ob- 
servatory, Wages, Repairs, 
Furniture and Sundries... 133 4 7 
Experiments by Captive Bal- 
LOOMS coscccssecccccsscvececee SL 8 O 
Oxidation of the Rails of 
Railways ..... Sencaceseccees 20 0 0 
Pablication of Report on 
Fossil Reptiles .......+0.6. 40 0 0 
Coloured Drawings of Rail- 
way Sections .......scesese. 47 18 3 
Registration of Earthquake 
SHOCKS........ccccccccssvccees 30 0 0 
Report on Zoological No- 
Menclature ......ccccorsceves 10 0 0 
Uncovering Lower Red Sand- 
stone near Manchester ... 4 4 6 
Vegetative Power of Seeds... 5 3 8 
Marine Testacea (Habits of) 10 0 O 
Marine Zoology ........s0e0 « 10 0 O 
Marine Zoology .........s000 . 21411 
Preparation of Report on 
100 O O 


British Fossil Mammalia. 
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£ «sd. £8. d. 
Physiological Operations of Inquiries into Asphyxia...... 10 0 O 
edicinal Agents ......... 20 0 © | Investigations on the i inter- 
Vital Statistica .,.......cecee. 96 5 8 nal Constitution of Metals 50 0 O 
Additional Experiments on Constant Indicator and Mo- 
Aan’, Forms of Vessels...... 70 0 O rin’s Instrument, 1842 ... 10 3 6 
ditional Experiments on 
the Forms of Vessels ...... 100 0 0 wf) _8 
Reduction of Observations 
on the Forms of Vessels.. 100 © O| publication of he * ritish 
Morin’s Instrument and Con- Association Catalogue of 
stant Indicator ............ 69 14 10 | Stars... sseees ssvocsssanee 351 14 6 
Experiments on the Strength Meteorological Observations 
of Materials .............. 60 0 O at Inverness ......s.es. 30 18 ll 
£1565 10 2 | Magneticand Meteorological 
as Co-operation .........000+. 1616 8 
1844. Meteorological Instruments 
Meteorological Observations at Edinburgh .......0... 1811 9 
at Kingussie and Inverness 12 0 0 | Reduction of Anemometrical 
Completing Observations at Observations at Plymouth 25 0 0 
Plymouth ........ssesseseeees 35 0 © | Electrical Experiments at 
Magnetic and Meteorological Kew Observato oeveeseees 43 17 8 
Co-operation ..........0000 25 8 4| Maintaining the Establish- 
Publication of the British ment in Kew Observatory 149 15 0 
Association Catalogue of For Kreil’s Barometrograph 25 0 0 
Stars ...cescccsesrcesssensens 35 0 © | Gases from Iron Furnaces... 50 0 0 
Observations on Tides on the The Actinograph ........ 15 0 0 
East coast of Scotland .... 100 0 0 | Microscopic Structure of 
Revision of the Nomencla. Shells ........ scsccccscssevene 20 O O 
ture of Stars...........1842 2 9 6 | Exotic Ano farses 1843 10 0 0 
Maintaining the Establish- Vitality of von 18430 3 0 7 
ment in Kew Observatory 117 17 3 Vitality of Seeds ~ oc0er ene L844 7 0 0 
Instruments for Kew Obser- Marine Zoology of Cornwall 10 0 0O 
VALOTY ..ccssscsnscnscceecseees 56 7 3] Physiological Action of Me- 
Influence of Light on Plants 10 0 O GICINES ...ccccvevcsccccessecees 20 0 0 
Subterraneous Temperature Statistics of Sickness and 
in Ireland ..s...ces0-esese & 0 0O| _ Mortality in York ......... 20 0 0 
Coloured Drawings of Rail- Earthquake Shocks ...1843 15 14 8 
way Sections ...........0 16517 6 £830 9 9 
‘Investigation of Fossil Fishes ————e 
of the Lower Tertiary 1846. 
Strata ...ccccscecccssssseen nce 100 O 0} British Assaciation Catalogue 
Registering the Shocks of Of Stars....ccccessceoees 1844 211 15 O 
Earthquakes ......... 1842 23 11 10] Fossil Fishes of the London 
Structure of Fossil Shells ... 20 0 0 Clay ...cccccccccccsscevesecees 100 O O 
Radiata and Mollusca of the Computation of the Gaussian 
Egean and Red Seas, 1842 100 0 0O Constants for 1839......... 50 0 O 
Geographical distributions of Maintaining the Establish- 
Marine Zoology ...... 1842 010 O ment at Kew Observatory 146 16 7 
Marine Zoology of Devon Strength of Materials......... 60 0 0 
and Cornwall .......s0sssee 10 O Oj} Researches in Asphyxia...... 616 2 
Marine Zoology of Corfa «+ 10 O OO] Examination of Fossil Shells 10 0 0 
Experiments on the Vitality Vitality of Seeds......... 1844 2 15 10 
Of Seeds ......cecsssrcccceeees 9 O 3} Vitality of Seeds......... 1845 712 8 
Experiments on the Vitality Marine Zoology of Cornwall 10°0 0 
of Seeds .......0.:. 00-1842 8 7 3] Marine Zoology of Britain... 10 0 O 
Exotic Anoplura.......... eesee 15 O O}| Exotic Anoplura.........1844 25 0 0 
Strength of Materials ........ 100 O O| Expenses attending Anemo- 
Completing Experiments on MECELB ....sccscvecsssccecvcoee LL 7 6 
the Forms of Ships........ 100 0 © | Anemometers’ Repairs.....0s. 2 3 6 


GENERAL STATEMENT. 


£ & d. 

Atmospheric Waves .......... 3 3 3 

Captive Balloons ........ 1844 8 19 8 
Varieties of the Human 

Race ....ccevcecee.1844 7 6 8 
Statistics of Sickness and 

Mortality at York ......... 12 0 0 


£685 16 0 
FF 


1847. 


Computation of the Gaus- 
sian Constants for 1839... 0 

Habits of Marine Animals... 10 0 

Physiological Action of Me- 

GICINES .ccccccsscersecees evoree 20 O 
Marine Zoology of Cornwall 10 0O 
Atmospheric Waves ......... 6 9 
Vitality of Seeds........... we 4 7 
Maintaining the Establish- 

ment at Kew Observatory 107 8 


re) 
0 
0 
0 
3 
7 
6 

£208 5 4 
rr ee 


1848. 
Maintaining the Establish- 
ment at Kew Observatory 171 15 11 
Atmospheric Waves ......... 
Vitality of Seeds........ eseeees 
Completion of Catalogues of 
Stars 


© 
© 
2S2Iiooo oo 


1849. 


Observations at 
Kew Observatory ....... ww. 60 O 
Maintaining Establishment 
at ditto .....ccccccessseees vee 2 
Vitality of Seeds.........0..0. 5 8 
On Growth of Plants.......... 5 O 
Registration of Periodical 
Phenomena .....cccecesesesee 10 O 
Bill on account of Anemo- 
metrical Observations...... 13 9 
9 


alo & OYFan © 


1850. 
Maintaining the Establish- 
ment at Kew Observatory 255 18 
Transit of Earthquake Waves 50 0 
Periodical Phenomena ....... 15 0 
Meteorological Instrument, 
AZOFES oe. ccccsccsceese oe cavsee 25 0 


£345 18 
ne 


o!'o ooo 


s. d. 
1851. 
Maintaining the Establish- 
ment at Kew Observatory 
(inclades part of grant in 
1849) ...... on eereccceveceseoes 309 2 2 
Theo of Heat Cee sBeosevecete 30 l 1 


Periodical Phenomena of 
Animals and Plants ...... 5 
Vitality of Seeds ..... eoeceoes 5 
Influence of Solar Radiation 30 
Ethnological Inquiries ....... 12 
Researches on Annelida ..... 10 0 0 


©oiCoCooae 
NiO OO 0 


1852, 


Maintaining the Establish- 
ment at Kew Observatory 
(including balance of grant 
for 1850)....ccccsceccosessees 933 17 

Experiments on the Conduc- 
tion of Heat ........c0c0s000. 5 

Influence of Solar Radiations 20 

Geological Map of Ireland... 16 

Researches on the British 
Annelida .......cccsesssaceees 10 

Vitality of Seeds...... cosseseee 10° 

Strength of Boiler Plates .... 10 


Aioao aon» 
SN'OwnO O8098 @® 


1853. 


Maintaining the Establish- 
ment at Kew Observatory 
Experiments on the Influence 
of Solar Radiation ......... 15 0 

Researches on the British 
Annelida ......ccccscscsssseee 10 0 

Dredging on the East Coast 
of Scotland ........ soccoscove 10 O 
Ethnological Queries ......... 5 O 
0 


1854. 


Maintaining the Establish- 
ment at Kew Observatory 
(including balance of for- 
mer Grant) ...cos.scssecesere 

Investigations on Flax ...... 

Effects of Temperature on 
Wrought Iron ...... besese 10 O 

Registration of Periodical 
Phenomena .......... vewee 10 

British Annelida......... evoese 10 

Vitality of Seeds .........ces00. 5 

Conduction of Heat ......... 4 


£380 19 
A, 


a 08 O © 
w'O@woOQO 6 Ga 


liv GENERAL MEETINGS. 


Extracts from Resolutions of the General Committee. 


Committees and individuals, to whom grants of money for scientific pur- 
poses have been entrusted, are required to present to each following meeting 
of the Association a Report of the progress which has been made; with a 
statement of the sums which have been expended, and the balance which re- 
mains disposable on each grant. 


Grants of pecuniary aid for scientific purposes from the funds of the Asso- 
ciation expire at the ensuing meeting, unless it shall appear by a Report that 
the Recommendations have been acted on, or a continuation of them be 
ordered by the General Committee. 


In each Committee, the Member first named is the person entitled to call 
on the Treasurer, John Taylor, Esq., 6 Queen Street Place, Upper Thames 
Street, London, for such portion of the sum granted as may from time to 
time be required. 

In grants of money to Committees, the Association does not contemplate 
the payment of personal expenses to the Members. 


In all cases where additional grants of money are made for the continua- 
tion of Researches at the cost of the Association, the sum named shall be 
deemed to include, asa part of the amount, the specified balance which may 
remain unpaid on the former grant for the same object. 


General Meetings. 


On Wednesday, Sept. 20th, at 8 p.m., in the Philharmonic Hall, William 
Hopkins, Esq., M.A., F.R.S., F.G.S., resigned the office of President to the 
Earl of Harrowby, F.R.S., who took the Chair at the General Meeting, and 
delivered an Address, for which see page lv. 

On Thursday, Sept. 21st, a Soirée took place in St. George’s Hall, when 
experiments were exhibited with Ruhmkorff's Induction Coils, and Magnus's 
Polytrope. 

On Friday, Sept. 22nd, at 8 p.m., in the Concert Room of St. George's 
Hall, Richard Owen, M.D., LL.D., F.R.S., Professor of Anatomy and Phy- 
siology in the Royal College of Surgeons of England, delivered a Discourse 
on Anthropomorphous Apes. 

On Monday, Sept. 25th, at 8 p.m., in the Concert Room of St. George’s 
Hall, Colonel Edward Sabine, R.A., V.P. and Treas. R.S., delivered a Dis- 
course on the Progress of Researches in Terrestrial Magnetism. 


On Tuesday, Sept. 26th, a Soirée took place in St. George’s Hall, when 
Experiments with the Gyroscope were presented by M. Leon Foucault ; 
Experiments with the electric Light, by the Abbé Moigno and M. Dubosegq, 
were explained by Professor Stokes; and Photographs of the Moon were 
exhibited by the Photographic Soviety of Liverpool. 


On Wednesday, Sept. 27th, at 3 p.m., the concluding General Meeting of 
the Association was held in St. George's Hall, Liverpool, when the Pro- 
ceedings of the General Committee, and the Grants of Money for scientific 
purposes, were explained to the Members. 


The Meeting was then adjourned to Glasgow *. 
* The Meeting is appointed to take place on Wednesday, the 12th of September, 1855. 


ADDRESS 


BY 


THE EARL OF HARROWBY, F.R.S. 


GENTLEMEN OF THE BriTIsH ASSOCIATION, 


Wuen I first set myself to the task of preparing to address you on the 
present occasion, my impulse was to begin with an apology for appearing 
before you in so prominent a position—for assuming apparently a station in 
the world of science for which I had no pretensions. On second thoughts, 
however, it appeared better—more respectful in fact, having consented, 
though with unfeigned reluctance, to accept the office—to say no more on 
that head, but to discharge its duties as best I might. This, however, I must 
ask of you, not to expect from me what you have had from many of my 
predecessors, a luminous review of the state of Physical Science—a recital 
of its recent various triumphs, and suggestions for their further extension ; 
that I should, in the words of the poet, though in a different sense, 


Allure to brighter worlds, and point the way. 


Though I have been no indifferent spectator of that rapid and triumphant 
march of science, which, within the last fifty years, has been extending and 
enriching the old domains of knowledge, and planting, as it were, new 
colonies in hitherto unexplored and untrodden regions, yet I have been only 
a spectator,—my avocations have been less with the properties of matter 
than with the busy concerns of men; and if I attempted now to assume for 
the first time the philosophic garb, 1 am afraid that the awkwardness of my 
gait would soon betray me. There are, however, some points of high and 
general interest, which, in a meeting like the present, cannot be entirely 
neglected, and in regard to which the kindness of friends has supplied me 
with some matter not unworthy of being submitted to your notice. How, 
for instance, in the land of Newton, and in the greatest seaport of the world, 
should I neglect Astronomy? And here Prof. Challis has been good enough 
to furnish me with a statement of its present condition and recent progress, 
which, with your permission, I will lay before you :— 


“‘ Notes on the present State of Astronomy. 


“« Memorandum by Prof. Challis. 
“Since the Meeting of the British Association last year, four planets and 
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four comets have been discovered. Three of the new planets were found at 
Mr. Bishop’s Observatory, two by Mr. Hind, and one by Mr. Maith. This 
last was also discovered tbe following night at the Oxford Observatory — 
another of the many instances presented by astronomy of independent dis- 
coveries made nearly simultaneously. The fourth planet was found at the 
Observatory of Bilk, near Diisseldorf, by Mr. R. Luther, an astronomer 
distinguished by having already discovered two planets. Of the comets, 
one was discovered at Berlin, two at Gottingen, and the fourth was seen very 
generally with the naked eye at the end of last March. None of them have 
been identified with preceding comets. The large number of planets and 
comets discovered of late years, while it evinces the diligence of astronomers, 
has, at the same time, brought additional labourers into the field of astrono- 
mical science, and contributed materially to its extension. The demand for 
observations created by these discoveries has been met by renewed activity 
in existing observatories, and has led to the establishment, by public or 
private means, of new observatories. For instance, an observatory was 
founded in the course of last year by a private individual at Olmiitz, in 
Moravia, and is now actively at work on this class of observations. Various 
such instances have occurred within a few years. In addition to the advan- 
tages just stated, the observations called for by the discovery of new bodies 
of the Solar System, have drawn attention to the state of Stellar Astronomy, 
and been the means of improving this fundamental part of the science. The 
following are a few words on the existing state of Stellar Astronomy, so far 
as regards catalogues of stars. Subsequently to the formation of the older 
catalogues of bright stars, astronomers turned their attention to observations 
in zones, or otherwise of smaller stars, to the ninth magnitude inclusive. 
Lalande, Lacaille, Bessel, Argelander, and Lamont are the chief labourers in 
this class of observations. But these observations, unreduced and uncata- 
logued, are comparatively of little value. The British Association did 

t service to astronomers by reducing into catalogues the observations of 

ande and Lacaille. <A catalogue of part of Bessel'’s Zones has been pub- 
lished at St. Petersburg, and a catalogue of. part of Argelander’s Zones at 
Vienna. Lamont’s Zones have also been reduced.in part by himself. The 
catalogue of 8377 stars, published by the British Association in 1845, is 
founded mainly on the older catalogues, but contains also stars to the seventh 
magnitude inclusive, observed once only by Lalande or Lacaille. The places 
of the stars in this catalogue are, consequently, not uniformly trustworthy ; 
but as the authorities for the places are indicated, the astronomer is not 
misled by this circumstance. The above are the catalogues which are prin- 
cipally used in the observations of the small planets and of comets. This 
class of observations must generally be made by means of stars as fixed 
points of reference. The observer selects a star from a catalogue, either for 
the purpose of finding the moving body, or for comparing its position with 
that of the star; but from the imperfection of the catalogue, it sometimes 
happens that no star is found in the place indicated by it, and in most cases, 
unless the star’s place has been determined by repeated meridian observa- 
tions, it is not sufficiently accurate for final reference of the position of the 
planet or comet. In catalogues reduced from zone observations the star's 
right ascension generally depends on a single transit across a single wire, 
and its declination on a single bisection. This being the case, astronomers 
have begun to feel the necessity of using the catalogue places of stars pro- 
visionally in reducing their observations, and of obtaining afterwards accurate 
places by meridian observations. It will be seen by this statement, that by 
the observations of the small planets and of comets, materials are gradually 
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aecumulating for the formation of a more accurate and more extensive catalogue 
of stars than any hitherto published. The British Association would add greatly 
to the benefits it has already conferred on astronomical science, by promoting 
the publication, when sufficient materials can be collected, of a general catalogue 
of all stars to the ninth magnitude inclusive, which have been repeatedly observed 
with meridian instruments. The modern sources at present available for such 
a work are the reduced and published observations of the Greenwich, Pul- 
kowa, Edinburgh, Oxford and Cambridge observatories, and the recently 
completed catalogue of 12,000 stars observed and reduced by the indefati- 
gable astronomer of Hamburg, Mr. Charles Riimker, together with 
numerous incidental determinations of the places of comparison stars in the 

: Nachrichten. To complete the present account of the state 
of Stellar Astronomy, mention should be made of two volumes recently pub- 
lished by Mr. Cooper, containing the approximate places arranged in order 
of right ascension of $0,186 elliptic stars from the ninth to the twelfth mag- 
nitude, of which only a very small number had been previously observed. 
The observations were made with the Markree Equatorial, and have been 
printed at the expense of Her Majesty’s Government. The determination 
of differences of longitude by galvanic signals is an astronomical matter of 
great practical importance. This method, employed first in America, was 
introdueed into England by the Astronomer Royal, and has been applied to 
the determination in succession of the differences of longitude between the 
Greenwich Observatory and the observatories of Cambridge, Edinburgh, 
Brussels, and Paris. In the first and last instances results have been pub- 
lished which prove the perfect success and accuracy of the method. 
Mr. Airy, on recently announcing in the public papers the completion of 
the operation between the Greenwich and Paris observatories, justly remarks 
that such an experiment could not have been made without the assistance 
afforded by commercial enterprise, and that commercial enterprise is in turn 
honoured by the aid thus rendered to science. In the summer of last year, 
Prof. Encke, following the example set in England, determined successfully 
by galvanic signals the difference of longitude between Berlin and Frankfort- 
on-the-Maine. Galvanism has also been applied to astronomical purposes in 
other ways. The method of observing transits by the intervention of a gal- 
vanic circuit (just put in practice in America), in which only sight and touch 
are employed, and counting is not required, is now in operation at the 
Greenwich Observatory. It is found to be attended with more labour than 
the old method; but as it is free from errors to which the other method 
ie liable, it lays claim to general acceptance. At Greenwich, also, the 
galvanic circuit is most usefully employed in maintaining the movements of 
distant sympathetic clocks, and in dropping time signal balls. A ball is 
dropped every day at Deal by a galvanic current from the Royal Observatory. 
Some anxiety was felt by astronomers respecting the continuation of that 
most indispensable publication the Astronomische Nachrichten, after the 
decease of the editor, M. Petersen, in February Jast. This has been dispelled 
by a recent announcement that the King of Denmark bas resolved to main- 
tain the Altona Observatory in connexion with that of the editorship of that 
work. The ‘ Astronomical Journal,’ an American publication of the same 
kind, undertaken by a young astronomer and mathematician, Mr. Gould, for 
the especial information of his countrymen, has reached the end of Volume 
III., and will, it is hoped, be continued. Generally, it may be said of astro- 
nomy,at the present time, that it is prosecuted zealously and extensively, active 
observations being now more numerous than ever, and that the interests of 
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the science are promoted as well by private enterprise as by the aid of 
Governments. 


“Cambridge Observatory, Sept. 14, 1854.” J, CHALLIS.” 


You will have observed that Prof. Challis speaks of the activity of private 
enterprise in the cause of astronomy, and can I in this place pass over the 
labours of a Lassells, or the enlightened public spirit of the corporation of 
this town, which, stimulated by your visit in the year 1837, has now for some 
years maintained an excellent and well-provided observatory, under the able 
management of Mr. Hartnup, who has not only conferred great benefits on 
the navigation of the place by the regulation of its chronometers, but great 
honour upon the institution by the general services which he has rendered 
to meteorological, as well as astronomical science ? Mr. Hartnup’s improve- 
ments in the chronometer, by which the errors arising from variations of 
temperature are either corrected or estimated and allowed for, have been of 
the greatest value. In the words of a Report of the Council of the Royal 
Astronomical Society, “It is found experimentally, that when a captain 
will apply the rate thus corrected for temperature, the performance of chro 
nometers is much improved ;” and in regard to the importance of the subject 
to the practical interests of navigation, I would take the liberty of quoting 
further :—‘“ There are risks at sea, against which no foresight can provide ; 
but loss from defective compasses or ill-regulated chronometers should be 
treated as a crime; since common .sense and common care will secure the 
efficacy of both these instruments. It is to be feared that life and property 
to a large amount are yearly sacrificed for a want of a little elementary 
knowledge, and a small amount of precaution on the part of our seamen, who 
negiect the safeguards furnished by modern science.” 

You may remember, that at the period of your last Meeting, arrangements 
with Government were in progress for the construction of a reflecting tele- 
ecope of four-feet aperture, which should bring to bear upon the nebulse and 
other starry phenomena of the southern hemisphere a far higher power than 
that to which they had been submitted by Sir John Herschel. You will 
regret to hear that, although the estimate was not objected to by the Govern- 
ment, it has not yet been submitted to Parliament. We must make some 
allowance for the pre-occupations of war. 

The labours of your Kew Committee are carried on with unabated assi- 
duity and extending usefulness. You will, perhaps, forgive me for taking the 
liberty of urging upon you the importance of continuing to them an unabated 
if not an enlarged support. By giving accuracy to the various implements 
of observation,—the thermometer, the barometer, and the standard weights 
and measures,—they are doing a work of incalculable benefit to science in 
general, in this and in other countries, At this moment they have in their 
hands for verification and adjustment, 1000 thermometers and 50 baro- 
meters for the navy of the United States, as well as 500 thermometers and 
60 barometers for our own Board of Trafle, the instruments which are 
supplied in ordinary commerce being found to be subject to error to an 
extraordinary degree. At the suggestion of Sir John Herschel, they have 
also undertaken, by the photographic process, to secure a daily record of the 
appearance of the sun’s disc, with a view of ascertaining, by a comparison 
of the spots upon its surface, their places, size, and forms, whether any rela- 
tion can be established between their variations and other pheenomena. The 
Council of the Royal Society has supplied the funds, and the instrument is 
in course of completion. The same beautiful invention, which seems likely 
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to promote the interests of science in many branches, at least as much as 
those of art, is employed, under the able direction of the Committee, and of 
Mr. Welsh, the Curator, to record, by a self-acting process, something similar 
to that of the anemometer, the variations in the earth's magnetism. But I 
will not pretend to anticipate the results of the careful and extended study 
of this subject by our able associate, Col. Sabine, who has been kind enorgh 
to promise that we shall hear them from his own mouth in one of our 
evening meetings. Neither will I anticipate the report of my learned and 
distinguished predecessor in this chair, Mr. Hopkins, on a subject to which 
he called the attention of the Association at its last meeting, and on which, 
in conjunction with Mr. Fairbairn and Mr. Joule, he has been engaged in 
a series of experiments :—I allude to the effects of pressure on the tempera- 
ture of fusion,—a problem of great importance, as bearing on the internal 
condition of our planet. 

A Report of a Committee of the Institute of France, consisting of 
MM. Lionville, Lamé and Elie de Beaumont, on the subject of a Theory of 
Earthquakes, has been transmitted to me for the use of the Association. 
From a careful discussion of several thousand of these phenomena, which 
have been recorded between the years 1801 and 1850, and a comparison of 
the periods at which they occurred with the position of the moon in relation 
to the earth, the learned Professor, M. Perrey of Dijon, would infer that earth- 
quakes may possibly be the result of an action of attraction exercised by that 
body on the supposed fluid centre of our globe, somewhat similar to that which 
she exercises on the waters of the ocean; and the Report of the Committee 
of the Institute is so far favourable, that at their instance the Institute have 
granted funds to enable the learned Professor to continue his researclies. 
You will recollect how often the attention of the Association has been drawn 
to this subject by the observations of Mr. Milne and of Mr. Mallet, which 
latter are still going on; and that the accumulating facts are still waiting for 
a theory to explain them. 

On —I am sorry for the slightness of my acquaintance with so 
captivating as well as so practical a study. I bave nothing to report, save 
that the increasing scarcity of ironstone and coal is driving the practical men 
to have greater respect for a science which enables them to form a very 
sound conjecture where such minerals are likely to be found, and to come 
to something like an absolute certainty as to where they are not. When the 
questions begin to be asked, “Is there a square mile in all the coal-fields of 

ritain unoccupied by the mines? "—‘ Of its 5000 square miles of visible 
coal tract how much remains untouched fF ’’—it is time, indeed, to listen to 
that science which has taught us so successfully, in the hands of a Murchison, 
a Phillips, and others, where further resources for the supply of this, the life 
of Britain, is to be found. 

I need hardly tell you of the services which Meteorology may be expected 
to render to practical life, and perhaps there is no better instance of the value 
of the accumulation of facts, though in themselves apparently of small 
importance, and having apparently little connexion with each other. 

What apparently can be less subject to rule and law, even to a proverb, 
than the changeful wind, and the treacherous wave ?- Yet, even here, obser- 
vation and comparison bave done some good work for science and for man, 
and are about to do more. You are all aware that the American Govern- 
ment have now for some years, at the instance and under the direction of 
Lieut. Maary, been collecting from the mercantile vessels of that nation 
observations of certain phenomena at sea, such as winds, tides, currents and 
temperature of the ocean; and that the results, digested into charts and 
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books, have already been the meaus of adding speed and safety to the 
voyages of their merchantmen in an extraordinary degree. 

ou are aware that application was made to our Government to cooperate 
in this great work of common benefit to every mercantile nation, and that 
the subject was brought before Parliament by one of our Vice-Presidents, 
Lord Wrottesley, in a speech which he has since published, and which I 
would commend to every one’s perusal who doubts of the importance of this 
branch of science to the interests of commerce and navigation. You are 
perhaps not aware that the Government has agreed to the proposal, and has 
created a special department for the purpose, in connexion with the Board of 
Trade, placing it under the inanagement of perhaps the one man best fitted 
to carry it out with energy and success, my friend Capt. FitzRoy, one not 
less known on the banks of the Mersey by old associations, than on the 
general fields of maritime science. Conceiving that this was a subject of 
special interest to the place of our present Meeting, and that for such? an 
object it was desirable as publicly and as widely as possible to solicit the co- 
operation of all who are connected with the commerce of the country, [ have 
asked Capt. FitzRoy to communicate to me the present condition of the 
question ; and he has kindly furnished me, not officially, with the following 
memoranda, which, with your permission, I will read :— 

“‘ Memorandum I.—The maritime commerce of nations having spread over 
the world to an unprecedented extent, and competition having arrived at such 
& point that the value of cargoes and the profits of enterprise depend more 
than ever on the length and nature of voyages, it has become a question 
of the greatest importance to determine the best tracks for ships to follow, 
in order to make the quickest as well as the safest passages. The employ- 
ment of steamers in such numbers, the general endeavour to keep as near 
the direct line between two places (the arc of a great circle) as the interve- 
ning land, currents and winds will allow, and the improvements in navigation, 
now so prevalent, have caused a demand for more precise and readily avail- 
able information respecting all frequented parts of the Ocean. Not only is 
greater accuracy of detail required, but much more concentration and 
- arrangement of very valuable, though now scattered, information. Besides 
which, instrumental errors have vitiated too many results, and have prevented 
the greater portion of the meteorological observations hitherto made at sea 
from being considered better than approximations. ‘It is one of the chief 
points of a seaman’s duty,’ said the well-known Basil Hall, ‘to know 
where to find a fair wind, and where to fall in with a favourable current :’ 
but, with the means at present accessible, the knowledge of such matters 
can only be acquired by years of toil and actual experience, excepting only 
in the greater thoroughfares of the oceans, which are well known. Wind 
and Current Charts:-have been published of late years, chiefly based on the 
great work of the United States Government, at the suggestion of, and 
superintended by Lieut. Maury; and by studying such charts and directions, 
navigators have been enabled to shorten their passages materially ; in many 
cases as much as one-fourth, in some one-third, of the distance or time pre- 
- viously employed. Much had been collected and written about the winds 
and currents by Rennell, Capper, Reid, Redfield, Thom, Piddington, and 
others; but general attention was not attracted to the subject, however im- 
portant to a maritime country, till the publication of Lieut. Maury’s admirable 
observations. Encouraged by the practical results obtained, and induced by 
the just arguments of that officer, the principal maritime powers sent duly 
qualified persons to assist at a conference held at Brussels last year on the 
subject of meteorology at sea. The report of that conference was laid before 
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Parliament, and the first direct result of it was a vote of money for the 
purchase of instruments and the discussion of observations. All the valuable 
meteorological data which have been collected at the Admiralty, and all that 
can be obtained elsewhere, will be tabulated and discussed in this new 
department of the Board of Trade, in addition to the continually accruing 
and more exact data to be furnished in future. A very large number of 
ships, chiefly American, are now engaged in observations ; stimulated by the 
advice, and aided by the documents so liberally furnished by the United 
States Government, at the instance of Lieut. Maury, whose labours have 
been incessant. Not only does that Government offer directions and charts 
gratis to American ships, but also to those of our nation, in accordance with 
certain easy and just conditions. In this country, the Government, through 
the Board of Trade, will supply a certain number of ships which are going 
on distant voyages with ‘abstract logs’ (or meteorological registers) and 
instruments gratia, in order to assist effectively in carrying out this important 
national undertaking. In the preface to a late edition of Johnston’s ‘ Wind 
and Current Charts,’ published last June at Edinburgh, Dr. Buist says,—<‘ It 
has been shown that Lieut. Maury’s charts and sailing directions have 
shortened the voyages of American ships by about a third. If the voyages 
of those to and from India were shortened by no more than a ¢enth, it would 
secure 2 saving, in freightage alone, of £250,000 annually. Estimating the 
freights of vessels trading from Europe with distant ports at £20,000,000 a 
year, a saving of a tenth would be about £2,000,000; and every day that 
is lost in bringing the arrangements for the accomplishment of this into 
operation occasions a sacrifice to the shipping interest of about £6000, 
without taking any account of the war navies of the world.’ It is obvious 
that, by making a passage in less time, there is not only a saving of expense 
to the merchant, the shipowner, and the insurer, but a great diminution of 
the risk from fatal maladies,—as instead of losing time, if not lives, in 
unhealthy localities, heavy rains, or calms with oppressive heat, a ship pro- 
perly navigated may be speeding on her way under favourable circumstances. 
There is no reason of any insyperable nature why every part of the sea 
should not be known as well as the land, if not indeed better than the land 
generally speaking, because more accessible and less varied in character. 
Changes in the atmosphere, over the ocean as well as on the land, are so 
intimately connected with electrical agency (of course including magnetism), 
that all seamen are interested in such matters, and the facts which the 

ister become valuable to philosophers. Meteorological information col- 
lected at the Board of Trade will be discussed with the twofold object in 
view—of aiding navigators, or making navigation easier, as well as more 
certain,—and amassing a collection of accurate and well-digested observa- 
tions for the future use of men of science. 

“© Memorandum II.— As soon as the estimate for meteorological expenses 
had passed, steps were taken to organize a new branch department at the 
Board of Trade. On the Ist of August, Capt. FitzRoy was appointed to 
execute the duties of this new office, referring to Dr. Lyon Playfair, of the 
Department of Science and Art, and to Admiral Beechey, of the Marine 
Department, for such assistance as they could render. As soon as registers 
and instruments are ready, and an office prepared, Capt. FitzRoy will be 
assisted by four or five persons, whose duties he will superintend. It is 
expected that several ships will be supplied with ‘ abstract logs’ (meteoro- 
logical registers) and instruments in October, and that the office will be in 
full work next November. The Admiralty have ordered all the records in 
the Hydrographical Office to be placed at the disposal of the Board of Trade 
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for a sufficient time. All other documents to which Government has access 
will be similarly available; and the archives of the India House may likewise 
be searched. ‘There will be no want of materials, though not such as would 
have been obtained by using better instruments on a systematic plan. Capt. 
FitzRoy ventures to think that the documents hitherto published by Lieut. 
Maury present too much detail to the seaman’s eye; that they have not 
been adequately condensed ; and therefore are not, practically, so useful as 
is generally supposed. His Instructions or Sailing Directions (the real con- 
densed results of his elaborate and indefatigable researches) have effected 
the actual benefits obtained by mariners. Reflecting on this evil, which in- 
creasing information would not tend to diminish, Capt. FitzRoy proposes to 
collect all data, reduced and meaned (or averaged) in a NUMBER of conve- 
niently arranged tabular books, from which, at a subsequent period, diagrams, 
charts, and ‘ meteorological dictionaries,’ or records, will be compiled, so that, 
by tusning to the latitude and longitude, all information about that locality 
may be obtained at once, and distinctly.” 

I cannot doubt that the spirited merchants and shipowners of England will 
not be slow to follow the example of their brethren in the United States, and 
will lend their heartiest assistance to a work so useful. Great facilities will 
be afforded them in the way of instruments of tested accuracy ; and the 
increasing number of scientific seamen which is resulting from the local 
institutions of education; and the system of examination of masters and mates 
for certificates, will furnish them with observers in every part of the ocean, 
fit to be entrusted with such instruments and skilful in their use. Let not 
the practical man think lightly of such matters when he is reminded of the 
great services of the barometer in forewarning of the coming storm, and that 
the ascertained temperature of the sea, which his ship is traversing, will inform 
her master whether he is engaged in one current or another, and announce 
to him the approach of the dangerous iceberg when it is not discoverable by 
any other means. 

I will now, with your permission, proceed to the consideration of some 
other departments of our work, such as Geography, Ethnography and Sta- 
tistics, which are more connected with my own pursuits, which, affected as 
they are by the character of man, the uncertainties of his will, and the acci- 
dents of his physical and moral nature, and thus being less the subjects of 
direct and pure experiment, seem at first sight to be hardly reducible to those 
fixed laws, which it is the object of science to investigate and ascertain. For 
these reasons, indeed, among others, these branches of study formed at first 
no part of the scheme of the British Association, and there was some doubt 
about their subsequent admission. 

Nevertheless, I rejoice that they were so admitted. The apprehension that 
they must introduce the spirit of party into our proceedings has been most 
honourably disappointed ; and as one who, jn the capacity of a member of 
the legislature, have to act from time to time on the subject of some of their 
inquiries, I cannot but express my gratitude for the assistance which they 
have afforded, both by informing and forming the public mind on many 
important questions ; and, above all, for the lesson they have taught on the 
importance of testing every theory by a patient collection and impartial dis- 
cussion of the facts; in a word, for having imported the spirit of science into 
what, in the largest sense of the word, may be called politics, instead of 
importing the spirit of politics, in its narrower sense, into science. 

What is more important than to rescue questions of this nature, such as 
Finance and Political Economy, for instance, in some degree at least, from 
the domain of party contention? And how can we better contribute to that 
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desirable result, than by discussing the carefully collected facts in a scientific 
spirit, on an arena within which no party passion is excited, no party alle- 
giance is acknowledged, no party victory has to be lost or won, and when 
men are at liberty to convince and be convinced without risking a charge of 
treachery or a change of ministry as the consequence? But, in fact, these 
studies could not fairly have been excluded from our peripatetic university 
of science. Who shall separate Political altogether from the influences of Phy- 
sical Geography, or Ethnology from Physiology, or the destinies of man upon 
this globe from the study of his physical nature? By its employment of the 
doctrine of probabilities, one branch of statistics is brought into immediate 
contact with the higher mathematics, and the actuary is thus enabled to 
extract certainty in the gross out of uncertainty in the detail, and to provide 
man with the means of securing himself against some of the worst contin- 
gencies to which his life and property are exposed. In fact, statistics them- 
selves are the introduction of the principle of induction into the investigation 
of the affairs of human life ;—an cperation which requires the exercise of 
at least the eame philosophical qualities as other sciences. It is not enough 
in any case merely to collect facts and reduce them into a tabular form. 
They must be analysed as well as compared; the accompanying circum- 
stances must be studied (which is more difficult in moral than in material 
investigations), that we may be sure that we are calling the same things 
by the same names; i.e. in reality treating of the same facts under the 
game circumstances; and all disturbing influences must be carefully eli- 
minated before any such pure experiment can be got at as can fairly be con- 
sidered to have established a satisfactory conclusion. In some cases this is 
easier than in others. In regard to the probabilities of life or health, for 
instance, there are, at least, no passions or prejudices, no private interests at 
work to interfere with the faithful accumulation of the facts, and if they be 
numerous enough, it might be supposed that their number would be a suffi- 
cient protection against the effect of any partial disturbances. But even here, 
caution and special, as well as extensive, knowledge are required. There 
are disturbing influences even here,—habits of life, nature of employment, 
immigration or emigration, ignorance or misstatement of age, local epidemics, 
&c., which leave sources of error in even the most extended investigations. 
Still resulta are attained, errors are more and more carefully watched against 
and allowed for or excluded, and more and more of certainty is gradually 
introduced. And here I should not omit to notice the valuable services of 
the Society of Actuaries not long ago established, and who are represented 
in our Statistical Section. They discuss all questions to which the science 
of probability can be applied, and that circle is constantly extending :—assu- 
rance in all its branches, annuities, reversionary interests, the laws of popu- 
lation, mortality, and sickness; they publish ‘ Transactions,’ and what is of 
the greatest importance in this, as indeed in any branch of inductive science, 
they hold an exteusive correspondence with foreign countries. In fact, they 
are doing for the contingencies of human life, and for materials apparently 
as uncertain, something like what meteorology is doing for the winds and 
waves. 

What shall I say to the statistics of crime, of education, of pauperism, of 
charity, at once and reciprocally the effect and the cause of that increasing 
attention to the condition of the people, which so favourably distinguishes 
the present age? Who can look at the mere surface of society, transpa- 
rently betraying the abysses which yawn beneath, and not desire to know 
something of their secrets, to throw in the moral drag, and to bring to the light 
of Jay some of the pheonomena, the monstrous forms of misery and vice 
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which it holds within its dark recesses ?—and who can look dt these things, 
no longer matter of conjecture, but ascertained, classed,-and tabled, without 
having the desire awakened or strengthened to do something towards reme- 
dying the evils thus revealed, and without feeling himself guided and assisted 
towards a remedy? Yet here, more than in other cases, should a man suspect 
himself; here should he guard himself against hasty conclusions, drawn from 
the first appearance of the results; for here are disturbing influences most 
busily at work, not only from without, but from within,—not only in the 
nature of the facts themselves, but in the feelings, passions, prejudices, habits, 
and moral constitution of the observer. 

Still the tabling of the facts is of infinite importance. If they disturb, as 
they are sure to do, some feeling, some prejudice, some theory, some convic- 
tion, it will be felt, that any how the facts have to be accounted for; further 
investigation will follow ; and if it appear that no correction is required, the 
truth will be established, and the hostile theory will, sooner or later, give way 
and disappear. In these things, it is, of course, more than usually important 
that the facts to be selected for collection should be such as are, in their own 
nature and under the circumstances, likely to be ascertained correctly, and 
that the business of collection should be in the handa of those who have no 
bias to do it otherwise than fairly, no interest in the result: and this was, I 
believe, kept studiously in view by thoee who had the management of our 
great statistical work, the recent Census of our own country, which we are 
still studying; but, whether they were successful or not, in this respect, has 
already become matter of discussion. 

The work itself is, undoubtedly, one of the greatest monuments that has 
ever been presented to a nation, as a record of its own constituent elements 
and conditon; compiled and commented on with singular industry, judge- 
ment, acuteness, and impartiality,—the Doomsday-book of the people of 
England, as the great volume of the Conqueror was of its surface. 

Nor can I, while speaking of statistics, avoid referring to the Statistical 
Congress which took place at Brussels about this time last year; which bad 
mainly for its object to produce uniformity among different nations in the 
selection of the facts which they should record, and in the manner of record- 
ing them; without which, indeed, no satisfactory comparisons can be esta- 
blished, no results can safely be deduced. To briug about such a uniformity 
absolutely is, I am afraid, hopeless; inasmuch as the grounds of difference 
are, in many cases, so deeply imbedded in the laws, the institutions, and the 
habits of the different countries, that no hammer of the statist is likely to 
remove them. 

To understand, however, the points of difference, even if they are not 
removed, is in itself one great step towards the object. It at least prevents 
false conclusions, if it does not fully provide the means of establishing the 
true ones. It gets rid of sources of error, even if it fail of giving the full 
mneans of ascertaining truth. Take, for instance, the case of criminal sta- 
tistics. We wish to ascertain the comparative prevalence of different crimes, 
either at different times or in different countries. For this purpose must we 
not know under what heads the jurists and statists of the times or countries 
to be compared array the various offences which are recorded; with what 
amounts of penalty they were visited; and with what rigour, from time to 
time, the penalties were enforced ? 

That which is called manslaughter in one country, and assassination in 
another, is called murder in a third. That which in one country is punished 
with death, in another is visited by imprisonment. The bankruptcy which 
in one country is a crime, in another is acivil offence. The juvenile offences 
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which in one country are punished by imprisonment, and swell the criminal 
calendar, in another are treated, as they should in many cases be, only as a 
subject of compassion and correction,—take no place in the criminal calendar 
at all. 

Indeed, it is one of the difficulties which beset a large proportion of these 
investigations, whether into morals, health, education, or legislation, and 
which must always distinguish them from those which deal either with 
matter or defined abstractions, that, as I have said before in using the same 
terms, we are often uncertain whether we mean the same thing; whether, in 
fact, when we are using the same denominations, the same weights and 
measures are really employed. Such conferences, however, as those of 
Brussels tend much to limit the extent of error. 

Among the objects which may best occupy the attention of the Statistical 
Section at the present moment, will be the discussion of a decimal coinage, 
and the statistics of agricultural produce. It is important in regard to both, 
that by previous sifting and discussion not only the best conclusions should 
be arrived at, but the subject should be so familiarized to general apprehen- 
sion as to secure the widest co-operation. In regard to a change in the 
coinage, the interests and feelings of the lower classes must be especially 
consulted ; and, with this view, without expressing any ultimate opinion, I 
would recommend to those who are considering the question, the perusal of 
a pamphlet, full of important matter, by the late Mr. Laurie, the work of the 
last hours of a man of eminent knowledge and virtue, which he a hoped 
to be able to communicate in person, as a paper, to the presefit Meeting. 
With regard to the statistics of agriculture, if the object be to procure such a 
knowledge of the facts as shall guide the operations of the consumer and the 
merchant, I would suggest that they should be taken and published at two 
periods of the year, once in the spring, recording the extent of soil devoted to 
each kind of grain,—a fact easily ascertained ; the second time as soon as the 
harvest is concluded,—announcing the amount of the crop, as ascertained on 

several specimen fields under different circumstances of soil and climate, and 
applied in due proportion as a multiple to the acreage already published. 
A really accurate census of the harvest is, I believe, impracticable, at least 
within the period which would alone make it valuable for present use; and 
the approximation which I have suggested would, I conceive, be adequate to 
the purpose. 

In regard to Geography and Ethnography, there are few Sections, I believe, 
which have more general interest, and none, I imagine, which would be more 
attractive here,—where every new discovery is connected with the immediate 
interests of the place, a new source of raw material, or a new destination for 
finished work ; and where every new communication, established and reported, 
is another channel for the extension of that commerce, which, bursting from 
the channels of the Mersey, permeates and percolates every creek and cranny 
of the known world. 

The great navigations which are opening up the heart of the South 
American continent, by the Paraguay, the Amazons, and the Orinoco ; that 
are traversing and uniting the colonies of Victoria and South Australia by 
the river Murray ; the projected exploration of North Australia, which, I am 
sorry to say, is as yet only a project, and may require some of the fostering 
warmth of the Association to bring it into actual existence ; the wonderful cis- 
coveries in South Africa by Livingston and Anderson,—and the explorations 
of Central Africa by Barth and Vogel; the pictures given us by Capt. Erskine 
and others of the condition of the islanders of the South Pacific, passing by 
every stage of transition from the lowest barbarism to a fitness for the 
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highest European and Christian culture ; these, and a hundred other topics, 
awaken an ever-new interest in the mind of the philosopher and statesman, 
in the feelings of the Christian and the lover of his kind. What new fields 
for science! What new opportunities for wealth and power! What new: 
openings for good! How important that those who issue from this great 
emporium of modern commerce—this more than Tyre of modern times— 
should know. how to turn them to advantage! Surely your periodical visits 
here, with their kindling, stimulating—I was going to say contagious—influ- 
ences, are po mean instrument for such a purpose. 

It cannot be for nothing that the heroes of every branch of science are 
assembled from many countries within these walls, and are brought into per- 
sonal contact with the most enterprising and public-spirited of our merchants; 
that, in the language of my distinguished predecessor in this chair, slightly 
adapted, “the counting-house is thus brought iato juxtaposition with the 
laboratory and the study.” Commerce will more than ever be auxiliary to 
science, and science more than ever the helpmate of commerce; and a still 
further impulse will be given to those beneficial influences, which, in spite 
of some painful, though necessary interruption, occasioncd by our present 
state of war, a good Providence is so visibly extending over the whole habit- 
able globe. 

It is happily becoming every year less and less necessary to press these 
things on public notice. In an age-of gas and steam—of steam: engines and 
steam-boate—of railroads, and telegraphs, and photographs—the importance 
of science Gs no longer questioned. It is a truism—a commonplace. We 
are far from the foundation days of the Royal Society, when, in spite of the 
example of the monarch, their proceedings were the ridicule of the Court ; 
and even the immortal Butler thought the labours of a Wallis, a Sydenham, 
a Harvey, a Hooke, or a Newton, fit subjects for his wit. 

It is still, however, worth inquiring whether sufficient facilities for education 
in science exist or are in progress in our country ; and whether Government 
or other important bodies provide sufficient encouragement and reward for its 
prosecution. . 

Now, in regard to the former, there can be no doubt that, until a very late 
period, the assistances to scientific education furnished in this country either 
Se educational institutions or the State were very slight, and totally unworthy 

the object or the nation. Look at the lower schools: until very lately 
nothing but reading and writing, and hardly that, was ever offered to 
the labouring classes. Look at the grammar schools: they were limited 
to the acquisition of a small modicum of Greek and Latin, often not even 
of arithmetic. The middle classes of society, those who did not send - 
their children to the Universities, had no opportunity of acquiring any, the 
slightest, knowledge of science, whether practical or abstract, save from the un- 
tested, ill-respected teachers at private commercial schools, or frum the casual 
visit of an itinerant lecturer with his travelling apparatus. But what did the 
Universities? My own university, Oxford, to which [ acknowledge in other 
respects the highest obligations, did little for physical science. True, that 
the study of Mathematics, as an exercise and training of the understanding, 
received its honours there, though the genius of the place has never yet been 
favourable to the pursuit. True, that until comparatively a recent period, 
the honours of the sister University were exclusively, or nearly 80, confined 
to the same science; and that the school of Newton has seldom been without 
names not unworthy of such a founder. But even there the Mathematics 
were still too exclusively regarded as a mere training of the understanding, 
and not as an inatrument for the discovery of further truth; and the fair tree 
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of science, planted within the academic courts, though healthy and vigorous, 
was somewhat barren of fresh fruit. Such as it had been in the time of 
Newton, such, in a great degree, for a century and a half, at least, it remained. 
But to other than mathematical science, I believe I may say at either Uni- 
versity, encouragement there was little or none. If now and then a pro» 
fessor was to be found whoee title promised something of the kind, on ape 
proaching him you would find that his existence was little more than nominal; 
that his courses were not frequented, even if they were offered,—or if at all, 
only by those who were considered rather as the idle men; because success 
in thens was not only no advantage in the University career, but, by the time 
which they abstracted from the rewarded studies, was a positive loss and ob- 
struction in the way of the honours and emoluments of the place. So that 
it might fairly be said, that ifany advance was made in such sciences, at least in 
the Universities of England, it was rather in spite of, than by reason of, the 
system pursued in those otherwise useful, noble and magnificent institutions, 
In Scotland, indeed, the extended study of medicine, connected as it is with 
so many other branches of science, together with the less amount of arti- 
ficial forcing into other studies, led naturally to the pursuit of physical 
science, and a Black and a Gregory, a Leslie and a Playfair had no rival 
contemporary names at Oxford and Cambridge. The names of a Whewell 
and a Herschel, an Airy, a Challis, and a Sedgwick, of a Powell and a Dau- 
beny, and a Buckland, —alas, that he is only a name now |—would forbid the 
aseestion in regard to more recent times. But what, meanwhile, was the 
State doing? That State which, with its limited population and territory, 
depends not upon the number of its people, but upon the individual value 
ofeach man,—not upon the number of its acres, but upon their skilful culti- 
vation,—not even upon the resources of its surface, however well developed, 
but upon the mines which lurk beneath it,—not even upon its mines, but upon 
all the various and varying manufactures which these mines give extraore 
dinary facilities for carrying on; not even on these manufactures, but on the 
extended commerce and navigation, which are necessary to provide the 
materials to draw them forth from the remotest corners of the earth, and to 
send them back with speed, safety, and ceconomy, in anotber form and come 
bination, often to the very spots from which they were derived ;—in a word, 
dependent for the full development of its agriculture, its mining industry, its 
manufactures and its commerce, upon the widest extension and the fullest 
cultivation of Chemistry, of Natural History, of Mineralogy, of Geology, of 
Astronomy, of Meteorology and Mechanics. What did the State for these 
things? Why, absolutely nothing. There was for a time a Board of Lon- 
gitude, which, instead of enlarging and improving it, it abolished; a Board 
of Agriculture, which it dropped; a School of Naval Architecture, which, at 
the bidding ofa narrow ceconomy, and at the instance of so-called practical men, 
it abolished when the fruils were ripening; a School of Naval Instruction at 
Portsmouth, which it dropped. Here and there still survives a grant from 
the bounty of an individual monarch, grudgingly adopted by the State,—of 
104. for a Professor of Natural Philosophy at Aberdeen, or 50 guineas for a 
similar Professor at St. Andrew's, or 1502. to one at Glasgow, or $0/. to one 
at Edinburgh, and, more recently, grants of 1004. a year each to four or five 
Professors, in each of the old Universities of England. This is, as far as I 
can discover, all that the magnificent State of Britain did, uutil recently, for 
that Science on which her wealth,—and if her wealth, her power,—and 
if her power, her very existence,—is dependent. True, one advantage 
we have enjoyed, which is indeed worth all the organized instruction in the 
world which despotism could offer,—“ although no science, fairly worth the 
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seven,’ —that of security for life and property ; of the free exercise of thought 
and action ; of a religion, which does not chain the energies of mind and cha- 
racter, but stimulates and exercises, while it regulates and directs them ; 
and, though last, not least, that of a country to be proud of, and to be fond 
ef, and which every one desires to bequeathe to his posterity better, more 
beautiful, and stronger than he found it. And it is by reason of this indirect 
influence on national character, that in spite of the more than want of en- 
couragement of science of which our Government has been guilty, England 
has yet to boast of an array of men of science, of workers and discoverers, 
if not always of teachers, such as she need not be ashamed to show by the 
side of any other country, whatever stimulants or encouragements its Govern- 
ment may have supplied. 

But, because so much has been done by the spontaneous vigour of the 
people’s character and of thcir political and religious institutions, without 
special assistance or encouragement, does it follow that still more would not 
be done with those aids? Such, happily, is not the opinion of the present 
day,—not the opinion of the Legislature,—not that of our Universities them- 
selvs. We do not believe that such difficulties are an advantage even to the 
vigour of the plant, still less to its extended propagation; and, accordingly, 
individuals, colleges, and, I hope, Governments, are now heartily and honestly 
engaged in repairing the deficiencies of centuries, and not only in promoting the 
general development of intellect, but especially in directing it to the fields of 
science. And happily, the facilities for the purpose, already at hand, are 
enormous. The Chancellor of the Exchequer need not apprehend excessive 
demands upon his treasury to meet the case; though, if they were necessary, 
I believe he is too sensible a man to withhold them: but such demands are 
not required. The encouragements and assistances already given by the 
State to the education of the people, in various shapes; the superior class of 
trained and examined teachers, who are spreading over the land, and whose 
training has in no small degree been in physical science ; the books provided 
for early education by our Societies and by individual enterprise having the 
same character; the every-day more and more acknowledged connexion 
between agriculture and science showing itself in such papers as enrich the 
pages of the Journal of the Royal Agricultural Society ; the establishment of 
the Department of Science, with its School of Mines under the Board of 
Trade; the improvement which is to be expected, under the action of the 
Charity Commissioners, in the system of our old grammar schools; the spon- 
taneous action of our old Universities, not superseded, but facilitated and 
stimulated by parliamentary interpositiont—these and such like changes, 
which are taking place, partly within the bosom of society itself, and partly 
by the action of Government, will shortly provide such means of scientific 
education, although not systematised with the exactness of Continental organ- 
ization, as will, after our rough English fashion, adequately provide for all 
our wants in that respect, and give us no cause to lament over any consider- 
able deficiencies in practical result. 

But will there be encouragement to make use of these facilities? Are 
there rewards in prospect, whether of direct emolument or social considera- 
tion, which will induce men “to wear out nights, and live laborious days,” 
in a service which has hitherto, in the world’s eye at least, appeared often to 
be ill requited? Now, the real stimulant to science has at all times been the 
delights of the pursuit itself, and the consciousness of the great services ren- 
dered to humanity by every conquest within the domain of truth; but still 
these questions may fairly demand an answer. To the questions of pecuniary 
rewards I will presently advert; they have certainly been miserably inade- 
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quate; bat in regard to social consideration, I think there has existed some 
misunderstanding. It has been often asserted, and made the subject of 
lamentation or complaint, that men of science do not enjoy in this free country 
the cousideration which they do in some countries less favoured otherwise in 
their institutions than ourselves. Now, if by this it is intended to express 
that men of science are not made Knights of the Garter, or Peers of Parlia- 
ment,—that they are not often met with in the haunts of wealth and fashion, 
—that they are not called into the councils of their Sovereign, or sent to 
represent her in foreign Courts, I admit the fact; but then I doubt whether 
these are the natural or fitting objects of ambition to the acientific man: and 
if it is intended by the assertion that they are not, as a class of individuals, 
appreciated by their fellow-citizens for their genius and honoured for their 
services, I cannot so fully admit the fact. I would ask any of those whose 
presence adorns this Meeting, do they not find that their names are a pass- 
port into any society, the proudest of the land? Whose doors, that are worth 
entering, arenotopento them? There arecertain advantages, superficially con- 
sidered, which will always belong to mere wealth or power; but are they such 
as the lover of science can bring himself to envy or desire? Wherever he 
is known he is honoured—witness in themselves the Meetings of this great 
Association, and of other kindred bodies, who visit, from time to time, dif- 
ferent quarters of our land: whereistheir presence not hailed, not struggled for? 
Where is it not the endeavour of rank and wealth on every such occasion to do 
honour to itself by showing honour generally and personally to those who, by 
their successful pursuit of science, have done honour to our own or foreign 
lands? If, indeed, there be anything yet wanting in this respect, either in our 
people or our Government, the progress of education in science, to which I have 
before alluded, will soon supply it. When the various classes of our population, 
in their schools, their mechanics’ institutes, and, not least, in their colleges, 
are themselves less ignorant of science; when they have learnt to appreciate 
its value by personal acquaintance with its truths; there is no fear that those 
at whose feet they have sat—whose names are familiar to them in association 
with so valuable an acquisition—will not receive all due honour and regard. 
Whether, or to what extent, the result will be a greater association of science 
with political position, and how far such association would be advantageous 
to either politics or science, is another question. The experience of foreign 
countries on this head can hardly be held to be quite satisfactory. Iam not 
sure that their men of science have been very successful politicians, or that 
science itself has profited by the union. Public life, not less than science, is a 
jealous mistress, and does not well tolerate a known devotion to any other 
pursuit. Jt has besides a science of its own, essential to it, especially in a 
free country,—the knowledge of men; and this is not always the special gift 
of men of science, who deal less with men than with things and thoughts; 
and I am not eure that the qualities, which fit a man for success in the one 
pursuit, are peculiarly advantageous to him in the other. This, however, is 
certain,—that those who administer the affairs of this country ought at least 
(I do not think as yet they do) to know enough of science to appreciate its 
value, and to be acquainted with its wants and with its bearings on the in- 
terests of society ; but such knowledge, I cannot doubt, will soon become the 
eommon appanage of all well-educated men; and when it is so, as I said 
before, whatever, either in the position of science itself, or of men of science, 
ia still wanting, will soon be supplied. 

To accelerate, however, this process, 1 would gladly see a more direct 
¢ommunication established between the organs of power and scientific bodies. 
Something in this respect has already been done by the Parliamentary 
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Committee of this Association, and the results have been already seen in the 
increased attention of Parliament and Government to scientific objects. Still, 
however, in regard to science, I must admit that there is one great deficiency ; 
for often may it be said of science, as was said satirically of virtue by the 
poet, daudatur et a/get,—it is praised and starves. The man of science may | 
not desire to live luxuriously; he may not (nor ought he) desire to rival his 
neighbours in the follies of equipage and ostentation, which are often, 
indeed, rather a burden imposed by the customs of society than an advantage 
or even a gratification to the parties themselves; but he must live; and for 
the sake of science itself he ought tobe able to live free from those anxious cares 
for the present and the future or from the calls of a profession, which often 
beset and burden his laborious career. Why was our Dalton compelled to 
waste the powers of such an intellect on private teaching? As a teacher, a 
physician, or a clergyman, or more rarely as a partner in a profitable patent, 
such a man may earn a competence, and give to science the hours which can 
be spared from his other avocations; and it is indeed astonishing what 
results have been the produce of these leavings of a laborious life,—these 
leisure hours, if so they may be called, of men who are engaged in arduous 
duties of another kind. But this ought not to be; and it will not long be, I 
am confident. It must give way before the extended cultivation of science 
itself. The means of occupation in connexion with our schools and our col- 
leges, and our examinations, will increase; and I cannot but hope that a 
rateful country will insist upon her benefactors in science receiving a more 
iberal share of her bounty than has hitherto been allotted them. If I recol- 
lect right, out of the 1200/. which are annually appropriated in pensions to 
the successful cultivation of science, literature, and art, a poor pension of 504 
is all that last year fell to the lot of science; and in former years the dispro- 
rtion has often been little less remarkable. I do not grudge their share to 
iterature and Art; but I confess I cannot but consider that the labours of 
Science are at least of equal value to a nation’s welfare ; that they have at 
least an equal claim upon her gratitude, and I am eure that they stand in no 
Jess need of encouragement and support. . 

Nor have I any fear that the study of Science should ever become too ex- 
clusive, that it should make us too material, that it should overgrow and 
emother those more ethical, more elevating influences, which are supposed to 
grow from the pursuit of Literature and Art. 

In the first place, the demands of Science upon the patient and laborious 
exercise of thought are too heavy, too severe, to make it likely that it should 
ever become the favourite study of the many. In Art and Literature the 
mind of the student is often comparatively passive, ina state of almost passive 
enjoyment of the banquet prepared for him by others; in the pursuits of 
Science the student must work hard for his intellectual fare. He cannot 
throw up his oars, 

And let his little bark attendant sail, 

Pursue the triumph, and partake the gale, 
but he must tug at the oar himself, and take his full share in the labour by 
which his progress is to be made. 

Nor, when I read the works of a Whewell, and a Herschel, and a 
Brewster, a Hugh Miller, or a Sedgwick, and a hundred others, the glory of 
our days, can I see any reason for apprehending that the study of Science 
deprives the mind of imagination, the style of grace and beauty, or the cha- 
racter of its moral and religious tone, its elevation and refinement. 

And now, ladies and gentlemen, I havedone. Once more assuming for a 
moment the character of a representative of this great town, I welcome you, 
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the British Association, a second time to Liverpool. It is right that you 
and Liverpool should have frequent meetings, and should cultivate an inti- 
mate acquaintance. There is no place which can do more for science if she 
pleases; none has opportunities so extensive of becoming, by her ships and 
commercial agencies, by her enterprising spirit and her connexion with every 
soil and climate, the missionary of science,—perhaps in this place I should 
rather say the importer of the raw material of facts and obeervations,—the ex- 
porter of the manufactured results arising from their scientific discussion. 
There is no town which owes more to science. Without science can her vessels 
stir without danger out of sight of land, or walk the waters independent of 
wind ortide? Without science would they have docks toshelter them, rail- 
roads to bring their produce to their docks, telegraphs to announce their 
movements, manufactures to freight them to distant lands? I donot believe 
that Liverpool is insensible to her obligations. This magnificent reception 
is one evidence of the feeling,—but a still better is to be found in her liberal 
support to such institutions as the Public Libraries and Museums, as her 
Collegiate Institution and her Mechanics’ Institute, and above all her mag- 
nificent Observatory. 

Again I welcome the British Association for the Advancement of Science 
to the walls of Liverpool, fully assured as I am of the great benefits, direct 
and indirect, which their presence will confer upon the town, and of the deep 
sense which the inhabitants entertain of the honour conferred upon them by 
this repeated visit. 
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ON THE CONSTRUCTION OF EFFICIENT LIFE-# 


On the Construction and general Use of Efficient In 
By Major-General Cuesney, R.4., D.C.L., F.RS. 


ComPARED with ocean steam-navigation, the subject now to be considered 
may seem to claim but an inferior place. But when I mention, that it em- 
braces the fate of “all who go down to the sea in ships, and who occupy 
their business in great waters,” I am persuaded that it will not only have the 
deepest interest for all who have favoured the Mechanical Section with their 
presence, but it will also, as I hope, be the means of moving a very powerful 
lever in support of the subject I am about to advocate; for I feel assured, 
that, on-the double grounds of scientific construction and the cause of 
. humanity, ship as well as coast life-boats may fully claim the influential sup- 
port of the British Association ; which may thus.be the means of inducing 
Parliament to provide the funds which are requisite to carry out this great 
nativnal object. 

At the meeting of the Association in Hull last year, I endeavoured to 
show the lamentable deficiency of life-boats, and the necessity of an improved 
construction, as well as of a more extensive organization of these boats, 

A committee was named in consequence, consisting of Mr. George Rennie, 
Mr. Blundell, the late Mayor of Hull, Mr. Oldham of that place, Mr. Roberts 
of Manchester, Mr. Thomson of Belfast, with myself as president, to make 
a report on this subject, which I now beg leave to submit to the earnest con- 
sideration of the meeting. I should premise, however, that the present commu- 
nication can scarcely be called a Report upon Life-boata. I have not had the 
means of making one; for, owing to the unwillingness of the various life- 
buat and shipwreck societies to accept Mr. Richardson's challenge, and éesé 
the qualities of their life-boate against his tubular boat, ] have had but little 
opportunity of judging of the practical advantages of their boats. My in- 
quiries have however shown how insufficient many of these are. My remarke 
must thus be contined to bringing before the Association the imperative 


necessity of establishing sach a number of scientifically-constructed life-boats, 


as may be sufficient to keep pace with our greatly-increased commerce. It 
is manifest, that however zealous the existing Societies may be, neither they 
nor the Admiralty possess the necessary funds for this purpose; these can 
only be adequately provided by Parliament. But in order to effect this 
object judiciously and economically, it appears to me most desirable, that, as 
a preliminary atep, the British Association should recommend the Govern- 
ment to institute such experiments as will enable the public to form a jadge- 
ment on a subject which is beset with difficulties. This necessity will be 
sufficiently shown by a brief enumeration of a few of the appalling facts col- 
lected by me since our last meeting at Hull; first glancing at the present state 
of the coasts of Great Britain and Jreland. 

For many ‘years a well-organized system of life-boats has existed at the 
port of Liverpool, at the annual coet of about £2000; and the carefully col- 
lated facts contained in the paper in my hand, show that since 1840 the five 
life-boat stations belonging to the port of Liverpool have saved 1529 lives, 
and bave during the same period assisted $12 vessels, which would probably 


give about 60,000 tons; und this, at the low estimate of £10 per ton, — 


amounts to no less than a sum of £600,000 rescued from the waves by their 
means. Presuming that similar advantages would be the result elsewhere, 
an extended system of life-boats along our coasts, as well as for vessels at 
sea, would, in point of expense, be in fact a trifling insurance on the car- 
goes which would be saved in consequence. . 
The practical and successful efforts made at Liverpool to lessen the cala- 
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mities of the sea, caused the Duke of Northumberland to offer prizes for the 
best description of life-boat. This produced many competitors. But although 
prizes have been awarded, and boats constructed in accordance with what 
was presumed to be the best model, nothing has been established which effi- 
ciently answers the purpose required; and the greater portion of the cuasts 
of Great Britain and Ireland continue without the means of rescuing our 
intrepid seamen from a watery grave ! 

On the south coast of England, which is about 350 miles from the Land's 
End to the North Foreland, there are but fifteen life-boats stationed ; the 
eastern and western coasts, however, are better provided, there being forty- 
nine for the former, between the Land's End and Berwick-upon-T weed, a 
distance of 448 miles; and thirty-three boats for the latter, a distance of ‘700 
miles; while the eastern coast of Scotland has but six life-boats in all, and 
the western only two, the Hebrides and Shetland Islands not having a single 
life-boat! There are five on the eastern coast of Ireland, but not one on.its 
western shores. So that the Liverpool establishments for the preservation 
of life in this respect exceed by two the whole number in Sootland, and are 
nearly double those of Ireland. 

The recital of only a few of the losses which have occurred since this sub- 
ject was agitated last year, cannot fail to show that it is high time that more 
efficient and improved means were adopted to preserve the lives of seafaring 
men. 

During the gale on the 27th of August 1858, many casualties occurred. 
The Brenda, with a cargo of timber from Quebec, was wrecked just below 
Beachey Head. Her crew, expecting her to founder, ran her on shore at 
Newhaven. No ordinary boat could have lived, says the account, in the 
tremendous surf; but by the rocket apparatus a rope was got out to the 
ship, and the crew at length enabled to land, though tn a most pitiable con- 


During the same night, the Australia, for Rio from Grimsby, was driven 
ashore off Shoreham. The life-boat was launched, made her way through 
a tremendous surf, and rescued the crew. 

A new life-boat was driven on shore off Kimmeridge during this gale; 
nothing known of her crew; and many coasters were seen to founder, to 
which no aid could be given for want of efficient life-boats. 

About the same date, Aug. 21, the ship Marie, of 1114 tons, from Lima 
to England, with guano, foundered at sea; fortunately her crew was picked 
up by the Spanish barque Maria. 

Aug. 24. The Jessie Smith was wrecked in the Orange River, and four 
men drowned for want of a life-boat. 

Sept. 25. The schooner John Laverock, from Glasgow, was wrecked off 
Islay. All her crew supposed to have perished. 

Sept. 27. The Isaac Wright, packet-ship, from Liverpool to New York, 
full of German and Irish emigrants, struck on a rock about forty miles south 
of Cork, in rough weather and with a thick fog. She began to fill rapidly. 
Fortunately the Oenasta, Captain Hadfield, came to her assistance, but was 
_ only able to take eight of her cabin-passengers on board; and she therefore 
sailed for Liverpool, to procure assistance for the Isaac Wright, which was 
very deep in the water when the Ocnasta left her. On the 2nd of October, 
the steam-tug Constitution started from Liverpool in quest of the unfurtunate 
ship, but with what result is unknown to the writer. 

Sept. 27. The Australian emigrant-ship Charlemont, 1500 tons burthen, 
from Liverpool with 435 passengers. She struck on Barwen Heads. The 
gig was launched, and swamped; the jolly-boat was launched, to-convey a 
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line on shore, but capsized; the long-boat was launched, and capsized ; then 
the life-boat—it aleo capsized. A passenger then volunteered to swim on 
shore with a rope, which he accomplished ; and having sueceeded in recover- 
ing the life-boat, it was slung on the rope, and used as a cradle for landing 
the passengers. 

Sept. 28. The Annie Jane, from Liverpool, was driven on the Barra 
Island, one of the Hebrides. Her ngers were emigrants for Canada. 
Out of 450, $48 men, women, and children were drowned. When off Barra, 
a breaker struck on her quarter-deck, and the poop-deck sunk, crushing 
200 emigrants. In ten minutes more she went to pieces. About daybreak 
the tide ebbed, leaving the fragments of the unfortunate vessel high and dry, 
when the survivors, 102 iu number, walked on shore. 

Oct. 18. The Dalhousie, a first-class Indiaman, was lost off Beachey Head 
in a gale of wind. She foundered in 26 fathoms water, and every soul on 
board was lost excepting one seaman. Her crew was sixty-one in number, 
aud she had twenty first-class passengers on board. Notwithstanding the 
gale, many of these doubtless might have been saved, had any of the ships 
which were near her possessed an efficient life-boat. 

We have such an instance of the preservation of life from shipwreck by 
the Badehaven life-boat, which saved the crew of the sloop Margaret, of 
Bideford, on the 5th of November. 

Nov. 18 The California, emigrant-ship, which left Sligo on the 18th of 
September, was wrecked 150 miles off Achill. The passengers and crew left 
the vessel in three boats, two of which arrived at Duoch and Dagert, having 
sixty persons on board, fifteen of their number having died from exposure 
aud suffering. The third boat was never heard of. The California sprang 
a leak, aud went down immediately. The Anne Eliza, of 100 tons, of 
N. Berwick, sailed from Newcastle with coals, about the end of September, 
and has not been heard of since. She is supposed to have gone down in the 
gale about that time. 

The Lady Evelyn, Captain McClellan, from Hong-Kong to San Francisco, 
with a cargo of merchandise, 280 Chinese emigrants, and other passengers, 
left Amoy on the 16th of July. On the 19th a gale came on, and she struck 
on a reef known as Richard's rocks. The long-boat was destroyed by the 
fall of the mainmast. About thirty persons remained in the rigging, and 
got ashore on spars, &c. the following day. All the others were lost. 

Aug. 24. The Meridian, from Gravesend, was wrecked off the island of 
Amsterdam, in the Indian Ocean. She had twenty-six cabin passengers and 
fifty-eight second cabin passengers on board, with a crew of fourteen. The 
captain and two others were lost, but the rest saved eventually, after enduring 
great sufferings. 

Nov. 29. The packet-ship E. Z., for New York was lost, with her usual crew 
and fourteen passengers. She was struck by a tremendous sea, which carried 
away everything on deck, and swept overboard thirteen passengers and nine 
of the crew. Only five of the whole number were saved. 

Dec. The Marshall, a screw-steamer from Hamburg to Hull, was lost at 
sea with 150 emigrants on board, in addition to her crew of cighteen men 
and a valuable cargo. The barque Woodhouse came in contact with a 
steamer off the Humber, which is supposed to have been the Marshall. Her 
masts were seen by fishing boats near Keln Sea, about five miles from New- 
sand Float, and her boats were picked up in the North Sea by a fishing smack. 

Jan. 6, 1854. A storm, attended with great loss of life, occurred at Tyne- 
mouth. The schooner Eliza, of Kirkwall, with eight or nine men on board, 
wns lost. The vessel capsized, and the unfortunate crew clung to the rigging, 
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mities of the sea, caused the Duke of Nort! .-~ oe assistance. Rockets 
best description of life-boat. This proé = __ 2G life-boat, manned by five 


prizes have been awarded, and ' ~ 4,“Bat, before proceeding far, it 
was presumed to be the be-' = oe A second attempt was equally 
ciently answers the . 7734; A" instant death to all in the boat, if 
of Great Britai ty with such a life-boat. 
intrepid seam we “gate Video to England, Captain Jones, 
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End to the ce’ “ove ® foe shelter. Unfortunately no pilot would 
mage a’ oft lng He oek on a sunken rock, and went down. All 
ine oh nt? inte” 
distan’ ee gat he crew of a vessel in distress, off Marsden, took to 
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cae _ 93: on deck and in the cabins was washed away. The crew managed 


7 he main- and mizen-shrouds, and she righted; but everything 
to cut ae od they remained lashed to the stump of the mizen-mast, without 
was oer: for twelve days and nights. - Their sufferings were most fear- 
food oF length they killed one of their number for food, almost all having 

fal. : snsane. Vessels passed more than once within three miles of them, 

becor" was vot until the 4th of February that they were taken off by the 

but of Sunderland. : 7 

Jan. 26, 1854. The Tayleur was lost on Lambay Island, with 652 pas- 


event are too fresh to need recapitulation ; but there is no doubt wiatever, 
that the use of efficient life-boats, either belonging to the ship herself or 
the shore, would have been the means of diminishing, if not of altogether 
preventing such a fearful loss of life. 

Jan. 26. The Olinda struck on the Harry Furlong rocks. The crew 
managed to lower the boats and land the passengers, although a heavy sea 
was running. The life-boat was driving to leeward, and could not fetch the 
shore. : 

Feb. 9. The Menai steamer, on approaching Calais during a heavy sea, 
was driven ashore close to Fort Rouge.’ Great exertions were made to get 
the Calais life-boats afloat, to save the passengers and crew; but owing to 
the violence of the gale and the heavy surf, this was a work of great diffi- 
culty. One life-boat was at length launched, and pulled towards the stranded 
vessel; but, owing to the heavy sea, it was found impossible to land the 
passengers. They were therefore left in their perilous position until the tide 
ebbed, when the Menai was left high and dry, and all were landed. But do 
such life-boats as these deserve their name? 

A little before this, the Staffordshire, a fine emigrant ship from Liverpool 
to Boston, of nearly 2000 tons, with 198 passengers, chiefly emigrants, and 
several ladies, struck on the Bloun rocks, off the Seal Islands, on the north 
coast of America. Two of her boats broke adrift. The remaining two 
could only hold a few persons, and these had scarcely got clear of the ship, 
when she went down with 175 human beings, including the captain; fifty 
persons, among whom was only one female, succeeded in reaching Seal 
Island after great sufferings. 

March 11. The Grace M'Iva was wrecked on the coast of Brittany, near 
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Brest. The fate of her crew is unknown ; they are supposed to have attempted 
to escape in their boats, of which none remained with the wreck, and which 
of course were not life-boats. ' 

April 29. A collision occurred in the Channel, off the Start, between a 
Bremen emigrant ship, the Favorite, for Baltimore, with 200 passengers, and 
an American vessel, the Hesper, bound to Antwerp. The collision took 
place between one and two in the morning. It rained, and there was a 
heavy sea running. The captain and five men sprang on board the Hesper 
the moment the collision took place; but the heavy sea separated the vessels, 
and the Favorite went down with 200 emigrants on board ! 

The City of Glasgow steamer was lost at sea about the same time. No 
intelligence has been received of her passengers or crew, 480 in number. 

Apnil 24. The Italian steamer the Ercolano, in consequence of the care- 
lessness of her captain, was run into by the Sicilia. Almost all on board 
were lost. Sir Robert Peel escaped with difficulty, but considers that many 
on board the Ercolano might have been saved if proper means had been 
taken. 

These calamities, however numerous they may seem, are but a small part 
of those which have occurred during the last four years. According to the 
casualties compited from Lloyd's list, and laid before Parliament, there have 
happened at sea during that period 12,360 disasters, varying in magnitude 
from a total shipwreck to a slight collision. Of these, 204 ships left our 
ports, and were never heard of again; 5117 were driven ashore, and, with 
their cargoes, either totally or partially lost; 2665 were collisions, which 
drove them into port in a sinking state; 2295 were wrecked ; 883 foundered ; 
679 were abandoned by their crews; 87 burnt by accident; 51 damaged by 
ice, &c. The casualties of steam-vessels during the same period of four 
years were,—103 driven ashore, but afterwards floated again; 146 cases of 
collisions at sea; 17 wrecked; 30 foundered; 15 burnt; 2 abandoned at 
sea; 1 capsized; 1 never heard of; ‘7 returned to port in a sinking state. 

But it should be observed, that, with the exception of 64 large vessels 
above 700 tons, these losses fell chiefly on the smaller vessels, from 90 to 
500 tons, and which were economically sailed! often weak-handed and badly 
commanded. As an approximative loss, founded on the scale of four men 
and a boy to every hundred tons, it would seem that the annual loses of life 
reported at Lloyd's, averages about 1250, the gross amount for the last four 
years being 4298. The tonnage, supposing the vessels to average 250 tons 
each, will give 100,000 tons of shipping lost, which, at £10 per ton, would 
be ten millions sterling lost during four years. 

The fewer accidents to steam-vessels during the same period speaks in 
favour of their safety-as compared with sailing vessels. 

There cannot be a reasonable doubt, that if the California, the Lady 
Evelyn, the Tayleur, and many others, had been provided with good life- 
boats, such as the one now about to be described, which cannot be swamped 
under any circumstances, even when sent over the ship's side so as to enter the 
water in a perpendicular instead of a horizontal position, there would have 
been an immense saving of life. If, therefore, as in the case of the tubular 
construction, a safer boat has been or can be contrived, and that by means 
of a better organized system, life may be largely preserved, the means of 
effecting this humane object deserves, and it is to be hoped will command, 
the earnest efforts of the British Association. 

Hitherto, public bodies, such as the Trinity Board, the National Institution 
for the Preservation of Life from Shipwreck, the Shipwrecked Fishermen 
and Mariners’ Royal Benevolent Society, have acted, and continue to act 
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RICHARDSON'S PATENT TUBULAR LIFE-BOAT. 
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separately in the good cause ; but it is not going too far to express the belief, 
that one centralized system would be more advantageous than the whole of 
these desultory efforts, and that all the power of the Government is desirable, 
and even necessary, in order to work out more efficiently a general plan, 
with (as a necessary part) more ample means for the preservation of life 
from shipwreck; and since every British seaman contributes something 
annually ($d. a year) from his limited earnings for this very purpose, he has a 
right to expect that the funds so raised should be turned to the best account. 

The momentous question of efficient life-boats can only be safely dealt 
with after the most patient consideration, founded upon an extensive series 
of experiments, both as regards the construction of the boats to be adopted 
and the encouragement to be given to their crews. As regards the latter, it 
may here be observed, that the salvage is a reward to those who save part of 
a ship's cargo; but if the chance of the latter be overlouked in order to save 
life, there is no pecuniary reward for individuals who make the sacrifice. 

I must now invite the attentfon of the Association to the peculiar form 
of the tubular life-boat, which dates from the year 1830, when a wreck at 
Weymouth, and the previous examination of Blanshard’s pontoons, gave rise 
to the invention, by Mr. Richardson, of this boat, which has already succese- 
fully encountered the sea in almost every form. 

I need scarcely observe, that Blanshard’s pontoons are divided, both lon- 
gitudinally and transversely, into several compartments by partitions of tin, 
both to increase their strength and to prevent them from sinking in the 
water in case of being accidentally perforated in any part. Tubular boats 
are by no means modern. We have the flying praam of Anson, the out- 
rigger or mosquito boats of the Cingalese and Malays; and others seen by 
myself in Nubia are built upon this principle ; and if water-tight compart- 
ments did not belong to Noah’s Ark itself, they have been actually in use 
fur ages in the Chinese boats, and also in Europe in various ways. 

But although the invention of the tube and water-tight compartments 
neither is nur could be claimed in this instance, the adaptation of them to the 
construction of*a life-boat, as patented, is due to Mr. Richardson, and is a 
very important practical step towards the object we are so desirous of 
obtaining. 

The first boat of this kind was built, as I have before said, in 1830; in 
1881 three others were constructed, the largest to row twelve oars; and one 
so small, that a child in petticoats was in the habit of rowing it alone at 
Weymouth in the surf in perfect safety. The subject dropped for years, 
until in 1848 Henry Thomas Richardson, Esq., then an officer in the Fourth 
Dragoon Guards, and son of the above-named Mr. Richardson, caused a 
fifth to be built at Manchester. 

When the Duke of Northumberland offered his prize, Mr. H. T. Richard- 
son’s model was one of those sent in; and although the prize was awarded to 
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DECK VIBW OF RICHARDSON'S TUBULAR LIPE-BOAT. 


Mr. Beeching, so persuaded was he of the superiority of the tubular plan, 
that he incurred the expense of constructing a boat agreeably to his plan. 
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The boat is formed of two tubes of tinned iron, 40 feet in length by 2} in 
diameter, tapering at either end and meeting each other, thus giving the 
appearance of sheer. An iron frame-work, securely riveted, unites the whole 
into one mass, the tubes having longitudinal bars of iron and hoope within, 
and iron keels running from end to end; they are divided into water-tight 
compartments, occupied by air-proof bags; a cork fender surrounds the 
whole fabric. The rowers and passengers are placed on a platfurm above 
the frame-work, which is surrounded by a light gunwale, the height of the 
rowlocks. A rope passes along under the kelson for the purpose of towing. 


UNDER-KEEL OF RICHARDSON'S TUBULAR LIPFE-BOAT. 


Sliding keels are proposed to be added, to render her more weatherly. She 
carries two lug-sails, top-sails and jib; steers, rows, and sails well. This 
boat was launched on the 15th of January, 1852, but had scarcely been 
twenty-four hours on the Cheshire shore, when she was found to be wilfully 
damaged by having had holes driven into the different compartments of her 
tubes. After repair, she was submitted to the most trying experiments that 
could be devised. These were, landing her passengers and crew iv a gale 
on a lee-shore, and going off again; towing, in atormy weather, bebind a 
steamer without any one on board, the commander of the steamer having a 
carte blanche to upset, swamp, or tear her to pieces if he could. Having 
proved in all of them perfectly successful, Mr. H. T. Richardson virculated a 
challenge to the Shipwreck and other Societies; also to upwards of fifty life- 
boat stations on the coast of Britain, but not a boat came out to meet him. 

However, Mr. Beeching having expressed his readiness@o meet her at 
Ramsgate with his prize life-boat, the Tubular set sail, and after a perilous 
voyage round the Land's End, and encountering very severe weather on her 
way, reached that place ou the 22nd of June, when they found, to their 
extreme surprise, that Mr. Beeching had disposed of his boat; and the 
Challenger remained, unopposed, the champion of the field. 

On her voyage round from Liverpool to Woolwich, the Tubular was, at 
Plymouth, subjected to various experiments in the presence of the Port 
Admiral, Sir John Ommanney, alongside of the Leander frigate, as the fol- 
lowing extracts from letters will show. | 

These letters are from officers then serving in the Leander; their names 
are not given, as their permission has not yet been asked, though it is be- 
lieved that they would have no objection :—“J think Challenger the only 
thing built, at least that I have heard of, deserting the name of life-boat. 
That she has no capacity to retain water, that she caunot eink or capsize, 
was fully proved alongside the Leander, when eighty men on one tube, only 
immersed it deeper, without in any way affecting the safety of the boat or 
people in her. It is from having so ably fulfilled all the conditions of the 
challenge, from her capabilities in other respects, that I would willingly take 
a boat of the same dimensions as one of our cutters or quarter life-boat at 
sea; and feel convinced many a valuable life would be saved had a ship such 
a boat belonging to her; she would also be of great service in landing in surfs, 
beaching troops or field-pieces, and going up shallow rivers.” Again writes 
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another officer :—“I witnessed one of the most severe trials possibly could 
have been put to any boat in the world, and she behaved admirably when 
tried alongside of H. M. ship Leander, June 5, 1852.” 

Hitherto it has been found to be impossible to capsize the tubular boat, 
because the force of the sea passes off and through the two tubes; but if she 
were to be upset by any cause, her buoyancy would be greater than before, and 
she would become a safe and manageable raft even bottom upwards, and a trial 
will show that she will sail and prove an effective boat even in this position. 

Thus it appears that we may hope that a real life-boat has at length been 
constructed, but the owners of the Challenger will be the first to condemn 
her if it can be proved that she is unworthy of such consideration; what is 
sought is competition with other boats, publicly to prove her worth or worth- 
lessness. And I would also observe, that steam life-boats and steam-ships 
might be constructed on the tubular plan, and these would be admirabl 
calculated for entering shallow ports and for river-navigation. ‘ 

An objection has been raised, the ouly one of which I am aware, that a 
boat of this construction would not be durable; but experience has proved 
that iron vessels are very lasting; and if it could be otherwise, I might ask 
what is to become of the monster vessel, of which Mr. Scott Russell has 
given us so interesting an account? But on this point I may appeal to the 
knowledge and experience of every practical man, who will tell you, better 
than I can do, whether iron boats are or are not durable. And were they 
not so, there are other materials which might be substituted, provided the 
tubular principle, as already patented, should be established as the best and 
safest construction hitherto devised. 

But the claims of the tubular life-boat do not by any means rest upon 
speculation or opinion, however sound ; for those who are disposed to examine 
this interesting question at more length, will find ample proofs of her capa- 
bilities in rowing, sailing, steering, &c., as detailed in ‘ The Cruise of the 
Challenger Life-boat from Liverpool to London,’ published by Pickering ; 
where it may also be seen that a chivalrous feeling in the cause of humanity 
caused the MesSrs. Richardson to undergo the privations and hardships of 
experiments in the depth of winter, and a long voyage subsequently, in order 
to test the good qualities of their boat by competition against any other that 
has been built, in the midst of a surf, and under the various circumstances 
required to establish the efficiency of a life- boat. 

It may be added, in conclusion, that Mr. Richardson has expressed his 
readiness to the National Institution for the Preservation of Life from Ship- 
wreck, to meet any of their boats for the purpose of a trial, at any time and 
place between the Land’s End and John O’Groat’s house, or on the west 
coast of Ireland between Cape Clear and the Causeway*; and thus to prove 
practically whether the Tubular is or is not the best life-boat at present in 
use to save life, as it would undoubtedly be the cheapest construction, if the 
chivalrous object of the inventor should be accomplished. 

Up to this time the challenge of Mr. Richardson has not been accepted. 
But with the same object still at heart, of proving that their boat is admirably 
adopted to save life and be eminently serviceable in the cause of humanity, 
as well as showing a great advance in the science of \ife-boats, the Messrs. 
Richardson have lately built a schooner-yacht to take their life-boat from 
place to place, with the express object of competing with any other boat, and 


* To this proposition a letter was received, dated October 7, 1853, ending in these 
words :——“* IT am directed respectfully to acquaint you that the Committee do not deem it 
desirable to comply with the request.” 

(Signed) Ricn. Lewis, Secretary. 
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also of seeking opportunities during the coming winter of testing her capa- 
bilities in the great work of saving life, where no other kind of boat can 
accomplish this object. 

I may mention, that these gentlemen fully intended to have been present 
at the Liverpool meeting of the British Association, and up to Saturday, 
Sept. 23, I quite expected their arrival in the Mersey with their schooner (the 
Hirnant) and the Tubular. But they have been detained at Southampton 
by contrary winds; and Mr. Richardson, Jun., has aleo met with a serious 
accident to his hand, which has prevented him from bringing the Tubular by 
rail, as he would otherwise have done. I regret very much that they are not 
here to show what she can do. 

A very ingenious life-boat has alao been built by Mr. Andrew Henderson, 
which is now to be seen in the dock, the model of which is at present in 
St. George’s Hall. Other boats have also been contrived. One, in particular, 
of India rubber, by Mr. Parrott, somewhat approaching Mr. Richardson's 
plan, has attracted much attention. I believe that this boat would be defi- 
cient in the stability necessary to do good service on a lee-shore, but this 
is a matter to be tried. It is most desirable that extensive and well-directed 
experiments should be made, to ascertain the best kind of life-boats, not only 
for ships, but also for encountering the dangers of a lee-shore. 

The British Association aims especially at the advancement of truth in 
practical no less than in physical seience; in all, in fact, in which we can 
benefit each other and improve the condition of our fellow-men; and it 
is with this conviction that [ feel the subject of the discovery of the best 
life-boat to be well worthy of the attention and of the best exertions of our 
Association. 

I hope to see suitable experiments carried on by Government, to ascertain 
the best description of life-boat; and I trust, indeed I can scarcely doubt, 
that Liverpool will be ready to do its part. The Marine Surveyor of this 
port seems to think that it would be but right and proper to build one or 
more tubular boats, in order fairly to test the qualities of this kind of life- 
boat in common with thuee hitherto in use. The next point will be to place 
the necessary establishments on those parts of the coasts of Great Britain 
and Ireland which are at present quite unprovided with the means of savin 
life. I presume that the coast-guard would furnish many of the crews, an 
that the remainder could be provided without much difficulty, since moderate 
rewards would be sufficient inducements to our fishermen to undertake this 
duty. 

We must all feel that the preservation of even a single life is a momentous 
question. I will once more therefore, state my belief, that the Tubular 
Life-boat of the Messrs. Richardson cannot be either swamped or water- 
logged ; and that she possesses the additional advantage of being a safe row- 
boat on a lee-shore in the worst weather. She is well adapted for saving 
life, not only under such circumstances, but also in case of a vessel about to 
founder at sea and provided with one or more .of these boats, to save her 
crew and passengers on an emergency. 

Ample trial of this and other life-boats appears to be the necessary preti- 
minary step to be urged on the Government, as one of the best means of 
furthering the establishment of life-boats on a scientific principle. 
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A Third Report (supplementary to two former Reports made to the 
British Association 1832 and 1840) on the present state of our 
knowledge of Radiant Heat. By the Rev. BapEN Powsg tt, M.4A., 
F.R.S., F.R.A.S., F.G.S., Savilian Professor of Geometry in the 
University of Oxford. 

Part I. 


Havine been honoured, for the third time, with a request from the General 
Committee to continue my former Reports on the state of our knowledge of 
Radiant Heat, from the date of my last Report, 1840, up to the present time, I 
feel bound to explain that the resolution conveying that request was passed 
so long since as the Meeting at York in 1851, and that it was complied 
with on the understanding that the report was not required immediately. 
Bat at the present date, being unwilling longer to delay, and finding that 
from the pressure of other avocations there is little probability of my being 
able to complete it, rather than withdraw altogether, I am induced to ask the 
indulgence of the Assuciation for submitting only @ portion of such a report. 
Preliminary remarks. 

Before commencing any analysis of recent investigations, it will be neces- 
sary (for reasons which will become apparent) to take in the first instance a 
very brief retrospective glance at certain fundamental distinctions affecting 
the whole subject, long ago pointed out, but too much overlooked by some 
writers since. It results from researches pointed out in detail in the two 
former reports, that under the somewhat wide term “radiant heat” several 
totally distinct species of effect have been included. 

(I.) The simplest form of radiant heat, and most properly so called, is that 
which arises simply from the cooling of a hot body, and which emanates 
from terrestrial hot bodies of all temperatures, from those which are the least 
elevated above that of the surrounding medium, up to the highest incan- 
descence or combustion ; and is distinguished by two properties :-— 

(a.) A tendency to be absorbed by bodies in proportion to a certain pecu- 
liarity of éexture in their surface, but wholly independent of their colour. 

(6.) A total incapacity to pass by direct radiation through many media, 
such as glass, &c., though transmissible freely through rock-salt and partially 
through certain others, called diathermanous media, as found by the expe- 
riments of Melloni. 

TI. At a certain stage of incandescence other rays, also capable of exciting 
heat, begin to be given off along with the former ; these are distinguished by 
the properties, different from the former :— 

(a.) A tendency to be absorbed by bodies in proportion to the darkness 
of their colour or their absorption of light. 

(B.) A power of transmissibility through all transparent substances, with- 
out diminution through colourless media, and in various proportions through 
coloured media, according to their action on light. 

(y-) The power of exciting also the sense of vision, or being luminiferous. 

This second species coexists in various proportions with the first, and is 
most copious from the most intensely ignited bodies. 

ITI. Closely analogous to this last species, or identical with it, are the 
heating rays of the sun; characterized by the same properties, (a.), (/3.) and 
(y-); and distinguished by being totally free from all admixture of the first 
kind (or Species I.)*, , 


* This result was formerly obtained by exposing together a blackened and a white-washed 
thermometer to the solar rays, first with, and then without, a thick glass screen: in this 
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When by artificial means the luminiferous rays are analysed, some rays 
are found in which great heating power coexists with feeble illuminating 
power, but under the same conditions and for the same ray, the heating is 
probably directly proportional to the illuminating intensity. 

In this way it was that from the distinctions obtained in my original expe- 
riments (1825), I was led to describe generally the communication of heat as 
effected in three distinct ways :— 

' tr By conduction (including what some term convection). 
2.) By radiation (in the ordinary sense of the term), or mere cooling of a 
hot body (Species I. above). 

G. i] the agency of light, whether from the sun or flames (Species II. 
an ee 


In the first instance, it was natural to regard these as so many distinct 
kinds of physical action producing heat, but more recent researches, espe- 
eially those of Professor Forbes, have enabled us to connect them by the 
simple and uniform analogy supplied by the undulatory hypothesis. if we 
adopt the hypothesis of undulations of decreasing lengths, those of the 
greatest length correspond to the Species I., these continue to be given 
out as the temperature is raised, or as combustion proceeds more intensely, 
along with others of successively less wave-length, until we arrive at Spe- 
cies II., or those which are of the proper length to affect also the retina with 
the sense of vision; and at last the wave-lengths are too small to produce 
either luminiferous or calorific effects; but here they seem to obtain their 
maximum of chemical action. But rays of ai/ wave-lengths thus continue 
to be given out simudlaneously. They all produce or excite heat more or 
less when stopped or absorbed ; and this probably dependent, in some direct 
ratio, on the greater wave-length simply; while the illuminating effect depends 
on some peculiar relation to certain wave-lengths only determined by some 
physiological conditions of the retina at present unknown. Substances which 
are transparent transmit freely rays of the visual wave-lengths, which of 
course carry with them their heating powers. 

Opake substances which are diathermanous transmit in the same way rays 
of the longer wave-lengths, but not those of shorter. 

The action of the éezture of surfaces eeems purely mechanical, and pro- 
bably influences the absorption of all rays, but its full effect is produced on 
the rays of longer wave-length; while that of colour is purely optical, and 
applies to rays of luminiferous wave-lengths only. 

efraction, polarization, interference, and the like properties of fighé, it 
would be easily seen, must be accompanied with just such indications of 
heating effect as might consist with the modification which the AgAé, in the 
respéctive cases, might undergo. If the ght were extinguished in certain 
conditions of polarization or of interference, the heat would of course disap- 
pear with it, and the changes of intensity would be similar; that is, as re- 
gards either the solar rays (III.) or those of Species (II.), and consequently 
in the case of luminous hot bodies, in which Species I. and II. coexist, the 
effects in question might be expected to occur, but only as applying to that 
portion of the rays which consists of Species II. 

Thus, in a multitude of such cases, these effects might be very small or 
altogether disguised and hidden. And, moreover, if they were real and sen- 
sible for Species Ct), it would not follow that they existed for Species (L.); 
yet the wave analogy would render it highly probable; and experiment has 


instance there was only the smallest difference in the absolute values,and none whatever in the 

ratio, of the rise of the two thermometers. In the brightest terrestrial rays there is a marked” 
and often very great difference in ratio as well as amount; this constituted the ground of my 

conclusions as to the heterogeneity of the species of rays in the latter case. 
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now pfoved it to be the fact. This constitutes the peculiar value of Prof. 
Forbes’s researches. In the instance of duwminous bodies, then, all the 
combined heterogeneous species of rays undergo these modifications; though 
possibly in different degrees, and liable to modifications from the different 
nature of the media employed. 

Yet many recent researches seem altogether to ignore these distinctions ; 
and the “ radiant heat” from different sources is commonly spoken of as if 
all of one kind, and of which a certain per-centage is stopped, or transmitted, 
in particular cases, by the interposition of certain substances; whereas the 
body of says is heterogeneous, and certain integrant rays only are totally 
stopped or totally transmitted in the respective cases, showing not only 
quantitative but qualitative differences. 

In many researches of this kind the “diathermancy ” of bodies is spoken 
of, and experiments made to measure it, as if it applied indifferently to all 
species of heating rays, and without any reference to the consideration that 
for certain species of rays bodies are diathermanous simply in proportion an 
they are diaphanous to the particular luminous ray in question; while for 
other species of rays their diathermaneity follows some totally different, and. 
as yet unknown law. The confusion of ideas introduced by the adoption of 
that term, unqualified by any reference to this distinction, and applied to 
general conclusions respecting “radiant heat,” ought to be sufficiently manifest, 
yet has been but little considered. And in cases where the rays transmitted 
oy a partially diathermanous body are in fact different in kind (agreeably to 
the above distinction) from those stopped, there is an ambiguity in the mode 
of expression ; in fact it is not merely a per-centage of rays, but an analysis of 
the whole heterogeneous body into more homogeneous or simple elements,. 
t. e. rays of different wave-lengths, or combinations of several such rays. 

In my former Report (1832, p. 299), it is mentioned that I had then re- 
peated my original experiment (Phil. Trans. 1825) with a pair of thermo- 
meters of a peculiar construction made on purpose, in which very small dif- 
ferences were appreciable; but I did not there state any of the results. As. 
attention has now been recalled to my original experiment, both by the re- 
petition of it by Melloni with the thermo-multiplier, and the more recent 
confirmatory remarks of Knoblauch, and as results obtained in this way 
(notwithstanding the superior claims of the thermal pile) may still possess some 
interest, it may not be irrelevant here briefly to state the results of a set of 
observations which have been lying by me since that period. The instrument 
was unfortunately broken soon afterwards. These observations were made 
on the rays of an Argand lamp; the thermometers, fixed on one frame at the 
distance of about $ inches apart, were exposed first with, and then without, 
&@ ecreen of plate glass one-eighth of an inch thick. The mode of observation. 
was to note the rise of the thermometer, blackened with China ink, in the time 
which it occupied the white-washed thermometer to rise 1° Fabr. 


Number 
of obeer- 


Black. vations. 


1'6 20 


Another set gave the first momentary rise— 
oo | 2 | 1 1s | 5 


Z2 
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' A strong and curious confirmation of the heating power derived from 
luminiferous rays simply, has been furnished in a fact mentioned to me by 
Dr. Bennett, Professor of Physiology in the University of Edinburgh ; viz. 
that in the exhibition of anatomical subjects by means of the oxy-hydrogen mi- 
croscope, the light concentrated by a lens, at a few inches distance from the 
source, had so energetic an action as to burn up and destroy the specimens 
placed in the focus. 


On the Theoretical Explanation of some former Experiments. 

The experiments of Melloni (of which some general abstracts are given in 
my former Report (1840, p. 4)), certainly seem at first sight to present some 
anomalous results. ~ 

The main question which seems to arise is, whether the effects of heat, as 
compared with those of illumination, do not follow such widely discrepant 
laws, as to make it difficult to ascribe them to the same set of waves; and 
this both with regard to terrestrial and to the solar heat. 

To take a single instance: rock salt is said to be analogous, for heat, to 
colourless media for light; alum is described as totally impermeable to 
‘dark heat,” and partially so to the rays from a lamp, that is, it may be 
wholly impermeable to those rays of the lamp which are identical with “dark 
heat” (species I.) in their relation to absorption, according to the éezture of 
surfaces, and wholly permeable to those (Species II.) which are associated 
with light, and produce this effect in proportion to the absorption of light by 
dark coloured surfaces; or in the language of the wave-theory, wholly im- 
permeable to rays of longer wave-length, and wholly permeable to certain 
rays of smaller wave-length. 

In some of Melloni’s experiments, rays from the lamp transmitted in déf- 

Jerent proportions by various screens, and then equalized, were afterwards 
found to be transmitted by alum in similar proportions. This he describes 
by the expression that “ they possess the diathermancy peculiar to the sub- 
stances through which they had passed.” Yet the fact surely implies no new 
property communicated to the rays. It merely shows, that as different specific 
rays out of the compound beam were transmitted in each case by the first 
screen, alum, though impervious to the lower heating rays (. e. of lower re- 
frangibility or longer wave-length), is permeable to those higher rays; and in 
different degrees according to their nature; an effect simply dependent on the 
heterogeneity of the compound beam from the flame. Again, with dif- 
ferently coloured glasses peculiar differences of diathermancy were exhibited 
with the rays from a lamp, incandescent metal, and the sun; but not more 
various or anomalous than the absorption of specific rays of light by such 
media. And besides these considerations, it must be borne in mind that a 
emooth blackened surface is iteelf unequally absorptive for the different rays, 
acting (from its colour) more energetically on those of a refrangibility within 
the limits of the visible spectrum, and which affect the eye as rays of light ; 
and more feebly on the rays of lower refrangibility, and which act more ener- 

. getically on bodies with reference to the absorptive éezture of their surfaces. 

As (according to my experiments) the solar heat is wholly of that kind 

which is freely transmitted through all colourless media along with the light, 
it does not appear that there would be any particular advantage in operating 
on the solar spectrum with a rock-salt prism. Melloni, however, with such 

a prism found, on interposing a thick screen of water, the most heating rays 

(i. e. those towards the red end) intercepted (as they are known to be by 

water), and this caused the position of the maximum to be apparently shifted 
higher up the spectrum, even to the position of the green rays. 
On the other hand, many coloured glasses, he found, absurbed the rays in 
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various proportions, yet they left the point of maximum heat unaltered, 
t.e. though variously absorptive for the higher rays, they were not of a 
nature to stop the lower or most heating rays. 

It appears also to be questioned whether the solar beam does not actually 
contain some rays of Species I., that is, of wave-lengths greater than any of 
the prismatic rays, including the ordinarily invisible extreme red. My ori- 
ginal experiment on this point above referred to may probably be unworthy 
of comparison in accuracy with those which may now be made with the 
thermo-multiplier. 

It would therefore be highly desirable if an experiment on the same prin- 
ciple as mine, viz. a black and a white thermoscope exposed together, first 
with and then without a screen, were repeated on the solar rays, with a 
variety of screens, including especially rock salt; with all the increased 
accuracy and sensibility now attainable by the use of two thermo multi- 
pliers, by which the differences or identities of ratio in the two cases would 
be rendered evident in the most satisfactory manner. It would be also 
highly important to make similar observations on the oxy-hydrogen and the 
electric light. 

The theory of unequal wave-lengths, as the sole explanation of the dif- 
ferent species of “ radiant heat,’’ whether solar or terrestrial, or in other 
words, the identity of the rays which produce alike the sensations of light, of 
heat, or other effects, each in some peculiar relation to the. wave-length, cer- 
tainly applies in a very sutisfactory manner to a large portion of the phzno- 
mena. There may, indeed, be some minor objections or difficulties ; but the 
only formidable outstanding objection seems to arise from a single result, 
announeed long ago by Melloni, and referred to in my former Report, viz. 
the fact that a certain kind of green glass transmits the solar figh¢é in high © 
intensity while it deprives tt of all heating power. This anomaly is indeed in 
itself so singular as to require very positive authority to substantiate it; and 
in M. Melloni’s statement there is, as appears to ime, a certain degree of 
vagueness; and it is not supported by any numerical results, or even any 
detailed account of the mode of operating *. 

An alleged isolated fact of so extraordinary a character has long appeared 
to me to demand a strict re-examination: I had hoped that on presenting 
this Report, in many other respects so imperfect, I might have been able to 
announce the result of such a repetition. But, unhappily, a variety of causes 
have hitherto prevented me from carrying it into effect. 


Theoretical Refraction of Heat. 


An important point bearing on the theory, was indicated very shortly after 
the communication of my last Report (1840), in my treatise “ On the Undu- 
latory Theory applied to Dispersion” (1841). I have there shown (see 
pp. 71 and 122) that the formula for the refractive index in terms of the wave- 
length deduced from Cauchy's theory, furnishes a striking coincidence with 
Prof. Forbes’s determination of the index of refraction for a ray of dark heat 
in rock salt. The formula in question may be expressed thus,— 


] Az\3 Azx\4 


where p is the index, A the wave-length, Az the small interval of the mole- 
cules, and P,Q, R constants. From the nature of this formula, it is evident 
that as \ is increased the changes corresponding in the value of p are very 


* On the Identity of Light and Heat, Taylor's Foreign Memoirs, Part III. p. 388, 
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small; and when A is very great, or = extremely small, the value of p is 


susceptible of a limit, which will be 
1 
WTB 
This will represent the physical condition, that as we take rays of successively 
greater wave-length, they will be crowded together into one position of re- 
raction, which will have a bounding or limiting position, beyond which no 
ray of however great wave-length can be refracted. This will be different for 
each medium, but will in general correspond to a refractive index not greatly 
below the index for the extreme red ray, and which is calculated, in my trea- 
tise just referred to, for various media, For rock salt it is a little lower than 
Prof. Forbes’s index for dark heat. 
The data will be best seen as collected in the following Table*. 


Values of p. 


Obs. Forbes. | Theory, Powell. 


Mean light ......cesssesesseseee 
Red.......0000 


= "000079... cccceecececeeeces 
Dark hot metal .........cceses 
Limit ... 2c. ccccccccsccnscccececs 


M. Knoblauch’s Researches. 


Among the most important of recent researches on the subject of radiant 
heat, are those of. M. Knoblauch, Professor of Natural Philosophy in the 
University of Marburg, which are not to be surpassed for elaborate extent 
and accuracy of detail. They are given in Poggendorff's ‘ Annalen,’ Jan. 
and March 1847, and translated in Taylor's ‘Foreign Scientific Memoirs,’ 
Parts XVIII. & XIX. 1848. 

The memoir is of great extent, and is divided into six sections. 

Section I. is entitled “On the Passage of Radiant Heat through Diather- 
manous Bodies, with especial regard to the Temperature of the Source of 
Heat.” 

The author commences with a summary of the results previously obtained, 
in which he cites the results of Delaroche and others, without reference to 
the different interpretation which must be put upon them if the experiments 
and conclusions just referred to be admitted. ° 

He observes, that, from the experiments of Melloni, rock salt appears 
equally permeable by heating rays of all kinds: from those of Forbes, pre- 
pared rock salt would seem penetrated by heating rays in a greater degree 
when the source was at a lower éemperature. Here I would observe that the 
temperature of the source, as such, manifestly bears no direct proportion to 
the degree of luminosity, it being perfectly well known that the temperature 
of luminosity is very different for different bodies; and these are also of very 


* On this point some notices were submitted to Section A. in 1840 and 1841. See Report, 
1840, Sect. Proc. p. 14, and 1841, p. 25. 
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different illaminating powers. Now as in all cases there are several different 
species of heating rays emanating at the same time from the source, some 
luminiferous, and some not 80, it is in no way a matter of surprise, or an ex- 
ceptional case, that the transmissive power of rock salt, or of any other sub- 
stance, should bear no proportion to the mere temperature of the source. 

M. Knoblauch, however, instituted an elaborate set of experiments, to 
ascertain whether any such relation could be maintained. 

The experiments were all conducted by means of the thermo-multiplier, 
which in this instance was constructed with especial precautions to ensure 
extreme accuracy and sensibility. 

M. Knoblauch’s first series of experiments included as sources, alcohol 
flame, incandescent platinum, hydrogen flame, Argand lamp, of which the 
temperatures were in the order of enumeration, the first being the highest. 
The effect of each on the thermo-multiplier was observed with the interven- 
tion of a series of screens, coloured glass, alum, mica, colourless glass, calc- 
spar, gypsum, &c. The transmitted effects varied of course with the different 
screens; but in every instance they were smallest with the first suurce, and 
tncreased in the order of enumeration, or in the inverse order of the tem- 
peratures. (Table I.) | 

In this series the real nature of the results is in fact evident from the 
distinctions above drawn. The effect is simply dependent on the Xyht, or 
heating power of Species 11., mixed no doubt to a certaln extent in some cases 
with that of Species I.; which last probably does bear a elnse proportion to 
the temperature of the source, but is in these instances overruled by the effect 
of Species II. being very feebly, or not at all, transmitted by the screens. 

In this series also M. Knoblauch found that the transmission through 
rock salt was not exactly equal for all the sources, contrary to the assertion 
of Melloni: the difference, however, is very smail. 

In the second series the sources were a vessel of hot water of different 
temperatures, from 93° to 212°, the radiating side being in each instance 
covered successively with lamp-black, glass, wool, and in each instance the 
thermo-multiplier being placed at a greater distance, in the ratio of the in- 
creased temperature, so that the effects of direct radiation were equalized. 
Tn each instance then a series of screens (the same as before) were inter- 
posed, each screen transmitting a different amount of heat, but the results 
with each temperature being found equal. (Table IT.) 

In the third series the sources were hollow cylinders of iron and of copper 
closely surrounding the flame of a lamp, and heated by it to several tempera- 
tures, from 284° F. up to a little below redness: in each instance the same 
equalization was effected as in the last series, and the same series of screens 
gave varied effects for each screen, but equal effects for each temperature, as 
in the last series. (Table III.) 

The fourth series included platinum in successive stages of heat: let, dark ; 
2nd, just red; 3rd, yellow; 4th, partly white. In each instance the series of 
screens was applied. In the Ist, 2nd and 4th stages of heat these gave uni- 
form results, increasing with the heat; but in the Srd case, certain screens 
gave results less than in case 2, while another and smaller number only gave 
them greater. (Table IV.) 

The peculiar, and at first sight apparently anomalous circumstance, that 
platinum, at a stage intermediate between red and white heat, transmits through 
certain of the screens employed rather /ess heat than when at the lower stage 
of.red heat, may however be explained, if we suppose that the rays given off 
at this intermediate stage are of such a wave-length as to be subject toa 
peculiar absorption by these particular screens. He then shows, from the 
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conditions observed, that the effect of secondary radiation was fully guarded 
ainst. 

ne Hence the author draws the conclusion, “that the passage of radiant heat 
through diathermanous bodies is not in immediate connexion with the tem- 
perature of the source, as was probable from previous experiments; but is 
alone dependent upon the structure of the diathermanous substance, which 
is penetrated by certain rays of heat in a greater degree than by others, 
whether this occurs at a lower or a higher temperature.” 

In all this there appears nothing to remark, except perhaps the observa- 
tion that previous experiments might make a contrary result probable, which 
does not appear to be the case, since (as already observed) the temperature 
of luminosity has been long known to be very different for different sub- 
stances. It were to be wished, that when the author speaks of “certain rays” 
being transmitted, be bad more distinctly indicated the species to which they 
belong, but which seem to conform to the classification before noticed. 

Some further experiments were made on sources of different form and size; 
cubes and cylinders of hot water of several magnitudes, small and large 
flames, having successively different screens interposed between them and the 
thermoscope. The results were very uniform for all the sources, proving 
that the differences in question produced none in the transmission, as indeed 
might have been expected. (Table V.) 

Section IT. is “On the Heating of Bodies by Radiant Heat.” 

Here, after observing in general, as a well-known fact, that the effect is 
greatly influenced by the structure of the surface, he observes,— 

“More recent experiments by B. Powell and Melloni have shown that 
one and the same body is not uniformly heated by rays of heat emanating 
from different sources, which exert the same direct action upon a thermo- 
scope coated with lamp-black ” (p. 205). 

And he details some experiments (Table VI.), showing that with a Jainp a 
greater effect is produced on a surface coated with black paper than one with 
carmine, but with dark heat, a less i—3_ result which might indeed have been 
expected from what was well understood before the date of the researches 
alluded to, and which it was by no means their object to establish. 

. A set of experiments (Table VII.) proved that for small thicknesses of 
coating (within the limit of those employed by Leslie and Melloni), the 
absorption of beat is proportional to the thickness. 

Also, that “the temperature of a body, when the thickness increases, is 
more raised the less it is diathermanous to the rays transmitted to it.” 

In Section III, “On the Property of Radiating Heat in Bodies,” the 
author examines various cases in which the state of the surface, as in cast 
and rolled lead, smooth and scratched more or less closely, was observed as 
to its influence on the radiation, when the plates were kept heated by boiling 
water. (Table VIII.) 

Similar experiments with copper (Table IX.) confirmed Melloni’s con- 
clusion, that the action is purely mechanical. 

In another set of experiments (Table X.), the increase of radiation with in- 
creased thickness of coating confirms the conclusion of Rumford and Mel- 
loni, that radiation commences from a certain depth below the surface. 

The next set of experiments was directed to answer the inquiry, “ Does 
the radiating power of one and the same body vary according as it is heated 
to a given degree by rays from different sources of heat?” The answer was 
distinctly in the negative, the sources of heat being a lamp and a hot cylin- 
der, and the body heated and then radiating, being successively paper coated 
with carmine, and with lamp-black or the absorbing side, and lastly on 
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both sides: also a plate of charcoal, and carmine spread upon wire-gauze 
(Table XI.): and again, using carmine blackened next the thermoscope, and 
plain; and black paper coated with lamp-black next the thermoscope, and 
plain (Table XII.). 

The author thus arrives at the conclusion, “ under those circumstances in 
which the same bodies exhibit an unequal absorptive power, their radiating 
power is one and the saine; and those differences which have hitherto been 
observed when they are not heated to the same extent, are therefore pure 
functions of the former, and independent of the latter.” ° 

The conclusion, if we understand it rightly, would appear capable of being 
more easily stated, and indeed rendered at once obvious, from the distinctions 
at first pointed out : whence it is evident, that the rays of Species I. (as before 
described) from the cylinder, and those of Species II. from the lamp, will ne- 
cessarily act very unequally according to the texture and colour of the surface. 

But when a body has received the radiation, from whatever source, and 
converted it into heat of temperature, as in these cases, to an equalized de- 
gree, it will necessarily radiate it again in an equal degree with the same sur- 
face, from whatever species of rays it was originally obtained. 

Section IV. is headed, “Comparison of the Heat radiated from different 
bodies within a certain range of Temperature.” 

The author commences by remarking that “all former observations upon 
radiation have only related to the quantities of heat emitted by different sub- 
stances at certain temperatures.” The object of the present investigation is 
to ascertain whether there are any qualitative differences; or, as the author 
expresses it, “whether the heat which radiates from certain bodies, at one 
and the same temperature or within certain limits of temperature, is of a 
different kind, according as it is emitted by different bodies, or is excited in 
them in a different way.” 

This inquiry was pursued by a series of experiments, in which (1) a ves- 
eel of water at 212°, and (2) the flame of a lamp, had in contact with them 
various adtathermanous substances, gch as metal, porcelain, leather, wood, 
&c., in the heat given out by which the series of screens gave exactly simi- 
lar series of effects. As also with the heat from a hollow cylinder of 
copper or iron surrounding a flame. But when the direct radiation of the 
flame was employed, the series of results were in proportions considerably 
different. (Tables XIII. to XVI.) 

The author indeed remarks at the conclusion, that these last differences 
are due to the heat transmitted by the screens, i.e. the heat conveyed by the 
luminous rays; as indeed would be manifest according to the views at first 
noticed. 

In another series, (1) an adiathermanous body at several temperatures from 
88° to 212°, (2) the flame of a lamp, and (3) a metal cylinder round a flame 
below 234°, were severally tried with the same series of screens; the results 
in cases (1) and (3) being found exactly similar, in (2) in a very different 
proportion. 

The same sources were next tried with two screens interposed ; the first 
being successively, metal with holes, silk, ivory, &c., and each of these com- 
bined with the several screens of the former series. In all cases the results 
gave proportional series. (Tables XVII. to XIX.) 

Another series was conducted with—Ist, a flame, and 2nd, water at 212° ; 
each in succession with a screen used first plain and then blackened, the 
screens being black glass, lac, ivory, paper, &c.; the results being always 
less with the blackened surface, very similar in each case, and all less with 
the hot water. (Table XX.) 
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Another set, with a heated mass and with the hand at its natural tem 
ture for sources, gave similar results with various screens. (Table XXI.) 

This, the author says, “disproves the opinion of Forbes, that the heat 
emitted by boiling water and the hand must be considered as different.” I 
am unable to find in what respect Prof. Forbes supposes them different. 

At the conclusion of this section the author adverts to two practical in- 
ferences from what has preceded. ; 

(i.) The fact, that the amount of heat absorbed by a given body is the same, 
from whatever source it was derived, is important in regard to the deter- 
mination of specific heats by the calorimeter ; for if the heat absorbed by the 
ice were different as it might be derived from different sources, no correct 
measure of specific heat would be obtained. That it is not so, ensures the 
accuracy of the results so far as éhis source of error is concerned. 

(ii.) The second application is, that “‘ these results lead to a new method of 
ascertaining whether any substance transmits rays of heat or not” (235); 
that is, of determining whether any given instance of transmission of heat is 
really due to diathermancy, or is merely secondary radiation. 

Thus, to determine whether ivory e.g. is really diathermanous: the source 
of heat is a known adiathermanous substance kept heated by a lamp :—the 
effect is observed ; a known diathermanous screen is then interposed and the 
effect again observed; the ivory is then substituted for the adiathermanous 
body and the direct effect equalized to the former; the same screen is then 
interposed, but now a greater effect is transmitted. It follows, that part of 
the original heat is ¢ransmitted directly by the ivory, along with that radiated 
from it; or the twory ts diathermanous. 

Section V., on “the Comparison of the amount of Heat diffusely reflected 
by different bodies,” refers to that kind of irregular reflexion, or dispersion 
(as it has been sometimes called) of the rays from the roughened, or at least 
unpolished surfaces of bodies, and which is distinguished from regular re- 
flexion, which is governed by the law of equal angles of reflexion and inci- 
dence, by occurring equally at all angles. And the object is stated by the 
author to be the determination “whether heat, on diffuse reflexion, expe- 
riences changes in its properties which distinguish it from that which is not 
reflected ” (384). 

The heat being incjdent on a rough surface is of course partly absorbed 
and radiated again: to guard against error from confounding this with the 
proper reflected heat, various and careful precautions were adopted. 

The author then proceeds to detail the observations, which are of volumi- 
nous extent, and the results recorded in a long series of tables. (‘Tables 
XXII. to XXXII. inclusive.) 

In all this first series the source employed was an Argand lamp without its 
chimney, and in all cases the mode of operating was similar. 

The unpolished surface under examination was exposed to the rays of the 
lamp, at different distances and at different incliuations, and the direct effect 
noted: the experiment was then repeated with the insertion of a series of 
variously diathermanous screens. 

The substances used as reflectors were extremely varied; such as bodies 
agreeing in one property and differing in another, or totally homogeneous, 
or totally heterogeneous. 

Thus an immense range of substances of animal, vegetable and mineral 
origin, opake or transparent, of all colours and textures, were examined, and 
the agreements or discordances, according to their various properties, were 
found extremely varied and curious. 

By these results, the author observes, “it is placed beyond all doubt, that 
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heat, on diffase reflexion, is very differently modified by some bodies to a great 
extent, while by others it is unchanged” (400). | 

And these results completely confirm the position already advanced, “ that 
the transmission of heat through diathermanous media depends solely upon 
the nature of these bodies, by virtue of which they transmit some rays more 
easily than others” (402). 

In a second series the same subject is continued with reference to different 
sovwrces of heat, which were, besides the lamp, platinum at a red heat, the 
flame of alcohol, and a metallic cylinder heated by being placed over the 
flame of a lamp, as before: 

(i.) The reflexions were first made from that series of substances which 
had displayed the greatest differences in the former instance. The results 
are given in a similar tabular form. (Tables XXXIII. to XXXVIII.) 

The author's general conclusion is, ‘that the modifications which heat 
experiences on reflexion are very considerable in the case of the heat ema- 
nating from an Argand lamp; that with the heat of red-hot platinum they 
diminish ; with the heat of the flame of alcohol they are still less; and in the 
ease of the heat emitted by a heated iron cylinder, of whatever temperature 
it-may be, between 79° and about 234° F., they absolutely vanish” (407). 

Or more generally, “the changes undergone by heat on diffuse reflexion 
are occasioned both by the nature of the sources of heat and the properties 
of the reflecting body’ (408). 

(ii.) It remained, as the author expresees it, to determine “ whether those 
surfaces which exert a similar influence on the rays of the Argand lamp, ¢. ¢. 
which they reflect in such a manner that the heat reflected by the one is 
transmitted by the diathermanous media used for testing in the same propor- 
tion as that reflected by the others, would also reflect the heat from the other 
sources, so that the rays reflected by them would pass through these sub- 
stances in the same manner” (409). 

The you of these experiments are given in detail. (Tables XXXIX. to 
XLIV. ; 

The question then arose with regard to the explanation of these pheeno- 
mena: Are they owing to any change undergone by the rays in permeating’ 
the diathermanous substances, or were they “ the consequences of a selective 
absorption of the reflecting surfaces for certain rays of heat transmitted to 
them, as appeared the most probable view from the experiments of Baden 
Powell and Melloni?” (415) 

This question the author proceeds to examine by a detailed comparison of 
the foregoing results, exhibited in new tabular arrangements of every case. 
(Tables XLV. to LI.) 

Upon a minute discussion of all these results, the author decides in favour 
of the second alternative; or “that the changes experienced by heat on dif- 
fuse reflexion are merely the result of a selective absorption of the reflecting 
surfaces for certain rays of heat transmitted to them” (423). 

The author also adverts to some other inferences from these experiments ; 
as that, “excepting charcoal and the metals, it cannot be said that any bod 
reflects heat better or worse than any other, because this relation varies wi 
each kind of radiation.”’ 

Again: certain bodies of the same colour reflect different kinds of heat, 
and others of different colour the same kind: and this is connected with the 
fact, that “every luminiferous source of heat emits a large number of in- 
(hot) rays, which are susceptible of reflexion and affect the thermal pile” 

494). 
These, and some other remarks on the dissimilarity in the diffuse reflexions 
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of luminiferous and calorific rays, are not perhaps expressed with that clear- 
ness which might be wished. 

The subject of Section VI. is “on the Sources of Heat ;” which is further 
explained to relate to the differences in the nature of the rays, or in general 
the heterogeneity of the rays, emitted from one and the same source at the 
- same time; and the differences in this respect, of different sources. 

From the previous experiments the author concludes in general, that “the 
variety of the rays of heat emitted is greatest with the Argand lamp, less 
with red-hot platinum, still less when the flame of alcohol is used, and has 
entirely disappeared with the cylinder heated to 212° F.” (4.26). 

But he now proceeds to test and extend such conclusions in another way, 

viz. by the differences exhibited by the rays in the different action of dia- 
thermanous bodies upon them, according as they have in the first instance 
passed through certain diathermanous bodies, or proceeded direct from the 
source. The differences thus exhibited give increasing proofs of hetero- 
geneity. ; 
: ‘And one more important point belonging to this inquiry he investigated, 
by platinum heated to successive stages, (1) below 234°, (2) at a red, (S$)at 
a yellow, and (4) at a white heat; while in each case the heat was reflected 
diffusely by various surfaces, and io every instance intercepted by the same 
series of screens. (Tables LIL. to LV.) 

From these he draws the conclusion, that the differences which the rays 
evolved at the successive stages exhibit after diffuse reflexion, on trans- 
mission through diathermanous media, are in every instance greater at the 
stage (4) than at (3); these greater than at (2), and these than at (1). Or 
in general, that the heat emitted by platinum at these successive stages is 
successively more heterogeneous as we advance from the lower to the higher. 

Again, with the same body it is not in the mere proportion of the increase 
of temperature, as such ; nor in different bodies does it follow any proportion 
to the temperature (as before observed ). 

The author hints generally at the relation between these degrees of hetero- 
geneity and the differences in the nature of the luminous rays emitted; but 
without laying down any very precise or clearly drawn distinctions as to their 
characteristic properties. 


Transmission of Heat through Crystals. 

Melloni bad raised the question whether in one and the eame body, in a 

crystal for instance, the quantity of radiant heat transmitted was different 
along the different axes. In experimenting on this subject in connexion with 
M. Knoblauch, he found that with transparent rock crystal and with calc- 
spar no difference of this kind was detected. 
- In a memoir (in Poggendorff’s Annalen, 1852, No. 2, translated in Taylor's 
Foreign Memoirs, Nov. 1852 and Feb. 1853), entitled “On the dependence 
of Radiant Heat in its passage through Crystals on the direction of trans- 
mission,” M. Knoblauch has pursued the subject commenced by Melloni. 

He took in the first instance a cube of brown quartz, having two of its 
sides perpendicular to the axis of the crystal. The rays of the sun were 
reflected into a room by a heliostat, and the mirror being metallic they re- 
mained unpolarized, and after passing through the crystal (which could be 
turned with its axis in different directions with respect to the rays), were re 
ceived ona thermo-multiplier. The effect was considerably /ess in the direc- 
tion perpendicular to the axis. The same result was found with deryé; but 
with tourmaline, the effect was greatest perpendicular to the axis. 

The rays were next polarized by a Nicol's prism, before incidence on the 
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crystal. When the plane of polarization coincided with the axis, the heat 
transmitted was the same in all directions. But when perpendicular to 
the axis, the differences before observed in the unpolarized rays, were én- 

No difference could be detected between the cases when the rays passed 
along the axis of the crystals, and the plane of polarization was respectively 
horizontal or vertical. 

M. Knoblauch now proceeded to try whether the rays which exhibit 
quantitative differences as above, would show qualtéative differences in the 
same cases; that is, differences in the power of transmission through diather- 
manous bodies. 

The diathermanous bodies employed for screens were blue, yellow, red 
and green glasses. 

After transmission through a brown rock crystal, the proportion of rays 
penetrating the different screens differed in the two positions, parallel and 
perpendicular to the axis, only within errors of observation. 

With the rays previously polarized (as before) sensible differences were 
observed, the plane of polarization being vertical. 

The heat was in all cases greatest through the yellow and red glasses, 
rather less through the blue, and least through the green. 

Another set of experiments, in which the plane of polarization was hori- 
zontal, gave no sensible differences. 

Rays traversing the crystal along its axis, also exhibit no differences, as 
was likewise the case with rays perpendicular to the axis. 

With beryl similar observations were repeated ; with blue glass the differ- 
ence is very small, for yellow rather greater: the author infers a real dif- 
erence. 

- With polarized light and with the plane of polarization vertical, the differ- 
ences are much greater with both glasses. 

With the plane horizontal no difference was found. 

Common light, passed through two cubes of beryl according as their axes 
were parallel or perpendicular to each other, gave great differences with the 
yellow and blue glasses, and in an opposite ratio in the respective cases. 

With ¢ourmaline exactly similar results were obtained in the corresponding 
cases. 

With dichroite also the author says, “so far as the examination extended, 
qualitative differences dependent on the direction of transmission have also 
been observed.” 

At the conclusion the author makes some observations in explanation of 
the phreenomena: these may be more briefly and clearly expressed thus :— 

The unpolarized rays incident along the axis of the crystals examined or 
parallel to it, undergo a certain absorption dependent on the nature of the 
crystal; and this is no further modified, since in this direction there is no 
double refraction. . 

But if the ray be incident perpendicular to the axis, it is divided into two, 
oppositely polarized; and these are differently absorbed. 

That which has its plane of polarization parallel to the axis, has the same 
absorption as along the axis. That which has its plane of polarization per- 
pendicular to the axis is absorbed more or less than the former, in different 
degrees in different crystals, and for the different component rays. 

hen the unpolarized rays are incident, then the result is compounded 
of these separate effects. 

_ When rays previously polarized are employed, the effects are displayed 


singly. 
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The author considers that these distinctions fully account for the observed 
pheenomena. 

Upon this we may observe,— 

The investigation cannot with correctness be called one on the transmis- 
sion of “radiated heat” in general ; it is restricted to that peculiar form or 
case of radiation which is manifested in the solar rays, and proves nothing 
as to the radiation from hot bodies, or even that conveyed in the rays from 
artificial lights, unless, as inferred, by analogy. All the differences observed 
depend simply on the unequal absorption of the rays of light by the crystals 
and the coloured glasses. 


Melloni’s recent Experiments. | 


In the ‘Comptes Rendus,’ No. 10, p. 429, March 6, 1854, Melloni gives 
some brief remarks in reply to certain objections raised by MM. Provostaye 
and Desains against the accuracy of experiments with the thermo-multiplier 
on the passage of heat through screens. 

He pointe out as the sources of discrepancy, the obfique passage of the rays 
through a thick diathermanous screen, which is greater or leas according to 
- the distance, and gives different effects of internal reflexion and absorption 
in different cases. 

To show that the errors objected arise solely from this source, he describes 
a careful repetition of his experiments in which it was guarded against. 

The series of experiments included the usual set of sources, viz. 

1.) The flame of an oil-lamp ; 

2.) Incandescent platina kept up by vapour of alcohol ; 
3.) Plate of copper heated by lamp; . 
4.) Vessel of hot water. 


and interposing a rock-salt screen, the diminution of effect appeared the 
same for the first three sources, but greater for the fourth. 

But this last result‘he contends was simply due to the greater proximity 
of the source, and consequent greater differences of inclination of the rays: 
and when equalized in this respect, the difference in question disappeared, or 
might even be reversed. 

In the same notice Melloni refers briefly to other results which have been 
‘obtained by means of rock salt. | 

(i.) That with a prism of rock salt the maximum of calorific effect in the 
solar spectrum is thrown further from the limit than with other “ prismes 
thermochroiques.” 

(2.) That the radiation from the sun diminishes from the centre to the 
circumference; that the radiation from the spots is less than from the rest of 
the surface, and that of the equatorial region of the sun greater: these results 
were obtained by M. Secchi. 

It may be right to add, that I bave been informed that in a work entitled 

«“ Thermo-chrose,” not long since published at Naples, M. Melloni has some- 
what modified his former opinions, and seems disposed to assent to the doc- 
trine of the identity of the rays which produce light and heat, or heat alone, 
according to their greater wave-length ; and has explained and reconciled 
some of his former difficulties. I regret to be unable at present to give a 
more precise account. 

Mr. Draper, also, I am informed, has been led to admit that the chemical 
effects belong properly to the same set of rays, differing only in the charac 
teristic of peculiar wave-lengths. 

On the whole, the question of the evidence for and against this theory is 


ualizing the effects on the thermo-multiplier by changing the distance 
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one eminently deserving of being fully discussed. I can only pretend in 
this imperfect report to have suggested some of the materials which may 
assist in forming some judgement on this point. 


Analogies of Transmission of Light and Heat by Waves. 


The very important researches of Mr. Joule on heat and the dynamical 
theory to which they lead, though referring directly to heat in its action on 
bodies as temperature or as latent heat, yet are not without a bearing on the 
subject of radiant heat, as Ras been in some degree pointed out in the excel- 
lent Address of our President of last year. (Report, 1853, p. xlvii.) 

Mr. Joule’s theory, though not as such dependent on the wave-theory of 
heat, is yet eminently in accordance with it, and so far lends it much sup- 
port. ie we suppose the temperature of a body to arise from vibrations of 
its molecules, such vibrations may be excited in it by the vibrations of an 
stherial medium surrounding and penetrating that mass of matter. In this 
respect the close analogy with sound is preserved. These vibrations of heat, 
however, produce mechanical changes in the constitution of the medium, they 
eause it to expand, 4s, e. they drive its molecules to greater distances apart ; 
and when carried to a certain extent, cause a fresh and sudden separation to 
a far greater extent; accompanied with a new arrangement of these mole- 
cules, or a change of state in the body from solid to fluid or from fluid to 
aériform. Here the analogy with sound ceases to hold good, except so far 
as that a temporary new arrangement of the molecules is occasioned by the 
sonorous vibrations. The transmission of luminiferous waves has a velocity, 
which, though enormous, is capable of measurement. Whether that of the 
longer non-luminiferous but caloriferous waves is the same, has not been, I 
believe, experimentally verified, but must theoretically be supposed the 
same ; unless indeed it be only approximately the same for waves within the 
narrow limits of the luminiferous scale, and diverge from that value beyond 
those limits. 

Again, the passage or process of the vibrations in a body receiving heat 
ts slow: to this conduction of heat there does not seem to be anything strictly 
analogous in sound. In general, the passage of light through transparent 
bodies excites in them no vibrations capable of affecting our eyes with the 
sense of light, ¢. ¢. the medium does not become luminous, unless we except . 
the case of the phosphorescence of fluor-spar and some other bodies after 
exposure to light. So far indeed as the transparency is imperfect, and in all 
opake bodies, the vibrations which constitute light are stopped, or changed in 
such a manner that they give rise to vibrations in the body constituting heat, 
just as those longer vibrations do which constitute that species of radiation 
which is derived from the mere cooling of a hot body; but this does not occur 
in transparent bodies. It would seem to be the law, that if a ray, or a series of 
waves of the proper length to be luminiferous, impinge on an opake body, 
they communicate vibrations to its molecules, which again transmit to the 
surrounding sether other waves of greater length, which in like manner tra- 
Verse space and can again excite vibrations in bodies on which they impinge ; 
or if from any source a body have internal vibrations of a certain intensity 
(whether forming waves, or of what lengths, we have no means of deciding), 
it can transmit to the surrounding ether vibrations which constitute waves of 
lengths greater than a certain given length, viz. that which belongs to the 
deepest red luminiferous rays. If its internal vibrations are increased in 
intensity beyond a certain point, it then acquires the power of communicating 
(in addition to the last) other vibrations to the sether forming waves of other 
and smaller lengths, so as to give rise to ight. 
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Origin of the Solar Heat. Professor W. Thomson's Theory. 


Some very important speculations have been brought forward on the souree, 
and thus bear on the nature, of the solar heat, by Professor Thomson* in 
immediate connexion with the theory of Mr. Joule, and on the principle that 
the energy of the heat thus emitted must be accompanied by an equivalent 
expenditure of mechanical force. On this principle he institutes numerical 
calculations; the main results of which, together with a brief exposition of 
the principles, may be given as follows: — ° 

The kind of force acting, or the source of solar heat, the author conceives 
may be expressed by several hypotheses, each of which he examines :-— 

. I. The supposition of the sun being simply a body intensely heated and 
losing its heat by radiation or simple cooling. 

This he considers quite untenable, as well on theoretical grounds advanced 
in some other papers, as on the simple consideration that if this were true 
the sun would be extinguished in a very short time. 

II. The hypothesis of chemical action or combustion of any kind. 

Supposing one of the combining bodies to be supplied from any atmo- 
‘sphere, the products of combustion would be so enormous as to choke the 
fire, if gaseous, by preventing the access of the air in question, or, if solid 
or liquid, by preventing the supply of fuel; and according to the mechanical 
theory before mentioned, a numerical calculation shows that the whole mass 
of the sun could scarcely last 8000 years, without being all consumed, if 
generating, by its own burning, the heat which is actually emitted. Hence 
if the sun is a fire, the fuel must be supplied from external space. But a 
mass of coal or iron or potassium could not reach the sun from external 
space without generating thousands of times as much heat from its motion, 
as it could possibly do by ite combustion. Combustion is probably, there- 
fore, insignificant, if it exists at all, as a source of solar heat. 

III. The hypothesis of meteors falling into the sun and expending force 
mechanically, has been started by Mr. Waterston+, who supposes such bodies 
to be attracted and fall directly into the sun from remote eztra-planetary 
regions. 

The supply of meteoric matter necessary according to this theory, is esti- 
mated to amount to such a mass as would cover the sun's surface to a depth 
of 30 feet in one year. 

The author, however, considers it probable that meteors actually fall 
into the sun, vot directly from distant spaces, but by the action of a resist- 
ing medium surrounding the sun, which contracts the orbits in which they 
are revolving round him. He conceives that these meteors must be moving 
within the limits of the earth’s orbit, or we should be continually struck 
by them; and that they are probably the matter of the zodiacal light. 

It is however quite conceivable that that cloud of small planetary masses 
may once have extended beyond the limits of the earth's orbit, and thus 
ein remote periods the earth may have been exposed to such falls of them 
as to have materially raised its temperature; and hence a possible source of 
those high temperatures which once existed. 

But to return to the effects of the resisting medium: owing to its retarda- 
tion, the approach of these bodies to the sun is gradual, and on this hypo- 
thesis a calculation similar to the former would give the result that the 
sun must be covered to a depth of 60 feet in a year, or a mile in about eighty- 


* Transactions of the Royal Society of Edinburgh, vol. xxi. part 1. On the Mechanical 
Energies of the Solar System. 
T British Association, Hull Meeting, 1853. 
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eight years; which would occasion an increase of 1” apparent diameter in 
40,000 years ; a change of course utterly inappreciable to observation. 

The amount of matter thus abstracted by the sun would be equal to the 
mass of the earth in about forty-seven years; but it is quite conceivable that 
& quantity of 100 times this amount would not be missed from the zodiacal 
light. Thus the sun's heat might be kept up for 5000 years to come at least. 
This transfer of matter to the sun coming from a source within the earth’s 
orbits, would not affect the conditions of the system, as to the effects of gra- 
vitation. 


Some meteors may possibly come direct on the sun from the extra-planet- 


ary spaces, but the quantity of such is probably very small in comparison 
with those that have been revolving in approximately circular or elliptic 
orbits before falling in. : 

If we imagine a dark body.moving through space and coming into a lo- 
cality abounding with meteors, their impact may raise it to incandescence, 
which will cease when it moves out of that space. Thus the author suggests 
a possible explanation of variable stars. 

(Addition I.) The author gives a calculation of the quantity of matter 
necessary to be added to the sun, on the extra-planetary hypothesis, and finds: 
it gives too great an increase of central force to consist with the historical 
conditions of the earth’s motion. He concludes the supply must have been 
from within the earth’s orbit for thousands of years at least. 

(Addition II.) He shows that the resistance must be very small even close 
to the sun, since such light bodies as comets pass through it at perihelion. 

The solar atmosphere may be conceived to be carried round in a vortex 
by these revolving masses, but not more rapidly than a planet would be at 
the same distance. Hence the meteors must long continue to revolve before 
reaching the sun, and must get so near as to be completely evaporated before 

2%. t) 
Oe ce the solar heat ts produced, not by solids tmpinging on the sun, but 
by the violent friction of the rotating vor tex of 60 meteoric matter. 

(Addition III.) The temperature of the different parts of the sun's surface 
may undergo great changes from the eddies and streams occurring in this 
revolving mass. Hence many of the appearances of the solar spots and 
streaks, &c. 7 

(Addition IV.) “On the age of the sun.” At the rate of meteoric incor- 
poration above calculated, the present rotation of the sun would be produced 
from rest in 32,000 years. We may infer (since it appears very improbable 
that the sun has had a contrary rotation destroyed by meteoric incorporation). 
that the kind of agency now going on, cannnt have been going on and alone 

enerating heat at the present rate, for more than that period. For the 
Future, we know that the mass of the zodiacal light is small, in comparison 
with that of the sun, from its producing no sensible perturbation on the 
lanets, and we may be sure it cannot keep up the supply for $00,000 years. 
he sun’s rotation has been by no means accurately determined; it may 
possibly vary to an amount which future observations may detect, and thus 


test the theory. 
Density of Aither. . 
Another speculation * closely connected with the former and the genetal 
subject of radiation, has been pursued by the same author, on the probable 
density which can be assigned to the luminiferous and caloriferous wether. + 
* Professor W. Thomson ‘On the Possible Density of the Luminiferous Medium,’ &c., 


Transactions of the Royal Society of Edinburgh, vol. xxi. part I, 
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This speculation is founded, like the former, on the data furnished by Pou- 
illet’s researches on the solar radiation, and Joule's theory of the mechanical 
energy equivalent to the effect of heat produced; the calculation turns on 
the assumption that the velocity of vibration can only be a small fraction 
(probably not one-fiftieth) of the velocity of the propagation of waves, and 

rom the velocity of vibration we may calculate the density, or conversely. 

Hence the author conceives that we may assign a fémef, and that a cubic 
Sout of luminiferous ather, at the distance of the earth from the sun, cannot 


1 
contain less than Geass) of one pound of matter. 


With regard to the results of ‘Prof. Thomson, especially when the novel 
character of some of the reasonings is taken into account, some difference of 
opinion may reasonably be expected. There are certainly many consider- 
ations involved which might suggest important topics of discussion ; on these 
it is not my purpose to enter I will merely venous that in all these investi- 

ions the essential point is the expenditure of mechanieal energy in producing 
Ovations, of whatever kind. The whole aeeation then assumes & more sft 
mechanioal :-—the sure indication that this entire branch of science is in 
a state of approximation at least towards that stage which characterizes the 
perfection of any branch of physical knowledge, when all its varied pheeno- 
mena shall be shown to be susceptible of analysis up to simple combinations 
of the elementary laws of force and motion. 

I would merely add, that in speaking of the effect of the evolution of heat, 
there is nothing in Professor Thomson's conclusion which restricts them to 
any one species of heat; the essential point ie the production of wtbrations : 
and his results are thus in entire accordance with the theory which refers all 
kinds of heating effect to the stoppage or absorption of raya, in other words, 
the extinction or destruction of the vibratory motions, constituting rays of 
different wave-lengths, some of which are also within those limits, and belong 
to that part of the seale, which renders them capable of affecting our eyes 
with the sensation of vision ;--which (as already remarked) considerations 
on all hands seem now tending to show is the most probable hypothesis on 
the subjeet. 


Radiation of Heat from the Zodiacal Light and from the Comet of 1848. 


Some interesting observations on these points are given by M. Matthiessen 
in the ‘Comptes Rendus,’ April 1848 (vol. xvi. p. 687). 

On the 7th of March, M. Matthiessen placed at the focus of a concave 
mirror of | metre diameter, an air-thermometer, which showed a similar rise 
above its indication in other positions, when the axis of the mirror was di- 
rected to the sodiacal light. 

He next substituted for the thermometer, a thermo-eleetrio pile with great 
precautions; which having {ts condensing cone 


Directed fo the nucleus of the comet, gave adeviation of . 9 
” the zodiacal light near itssummit . . . . . 10° 
» the zodiacal light at base +... .... 12 
” the part of sky overthesun . . .. +... 8° 
In other directions . 5 2. 1. 2 2 © © © © © © @ © O 


On removing the condensing cone to try whether the effect was due to 
atmospheric causes, he still found towards the base of the zodiacal light 2° 
or 3°. : 

Instead of the mirror he next used a flint-glass lens, 56 centim, diameter, 
16 centim. focal length. 


ON BRITISH COLONIAL MAGNETIC OBSERVATORIES, 355° 


With the thermo-electric pile as before, this gave, 
Directed to zodiacal light, summit. . . . . + + « « « 2 
9? zodiacal light, base 7» e© «© © #@ e#® © © eo # @ 4° 
” sky oversun. . 2. 6 6 6 © © © © © «© « O 


With a tallow candle at 10 metres distance (whether with the lens is not 
stated, but probably with it, as the experiments would not otherwise be com- 
parable),— 

With'the condensing cone, deviation . . . . - « - « 15% 


This, he observes, shows “combien est minime la quantité de chaleur 
envoyée par la lumiére zodiacale, et que l’influence de la cométe doit étre 
réellement imperceptible par notre température.” ; 

It was perhaps this somewhat ambiguous sentence which led Humboldt to 
represent these experiments as showing no sensible effect due to the zodiacal 
light (‘ Cosmos,’ Note 98, p. 394, vol. i. Sabine’s translation). 

In the face of the experiments, however, we must adopt another interpre- 
tation; and perhaps what the author means is the distinction between the 
radiant heat affecting the thermoscope, aud the temperature communicated 
to the atmosphere ; which are manifestly different things. 

The experiment with the candle, if made (as seems to be implied) with the 
lens, is an important verification of the fact of the heating power belonging 
to light from terrestrial sources. 

The result with the zodiacal light also shows that at least a portion of its 
effect ts of this species; and not dependent on its mere loss of heat as a hog 
body cooling. 

It is, however, but right to add, that indications of such extreme delicacy 
as those here referred to, have been looked upon by some physicists as almost 
too liable to uncertainty to be entirely trustworthy. 


On some of the results obtained at the British Colontal Magnetic 
Observatories. By Colonel Epwarp Sasinz, R.A., V.P.R.S., 
General Secretary. 


Ar the meeting which took place at Newcastle in 1888, the British Asse- 
ciation, in fulfilment of the first amongst the objects for whieh it was originally 
instituted,—-that of giving a stronger impulse and a more systematic direction 
to scientific inquiry,—recommended to Her Majesty's Government the pro- 
secution at the public expense of researches which were required for the ad- 
vancement of the science of terrestrial magnetism, but were beyond the means 
of individuals to carry out. These researches were of two kinds, having differ- 
ent, but in many respects connected objects. By one class of observations, 
for which the ald of naval expeditions to unfrequented parts of the ocean 
was required, it was desired to determine the distribution in different parts 
of the globe of the magnetic force of the earth in its two manifestations of 
direction and intensity of action. By the other class of observations, to be 
made at stationary observatories placed at points of the earth’s surface very 
distant.from each other and judiciously selected, it was proposed to ascertain 
the particularities of the change which is found to take place from year to 
year in all parts of the globe in the direction and intensity of the magnetic 
force, by which change the megnetic state of the earth corresponding to 
any one epoch passes, as it were, insensibly, but with a regularity and sy- 
atematie order which manifest the existence of natural causes as yet unknown 
ZAZ 
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to us, into successive forms of distribution, which, after the lapse of con- 
siderable intervals of time, are found to differ very widely from each other. 
This change has received the name of secular change. By this second class 
of observations. it was also proposed to trace the laws, and, if possible, the 
causes, of certain small periodical and other variations, superimposed upon 
the mean magnetic state of the globe, which, at the time when the observa- 
tories were undertaken, were generally believed to be in some way or other 
connected with the variations in the temperature of the earth or of the air. 

For such observatories, our colonial possessions, dispersed as they are in 
almost all parts of the globe, and presenting almost every variety of climate 
suitable for a thorough examination of the supposed connexion between the 
magnetical and meteorological elements, afforded excellent positions; and it 
was believed that amongst our naval and military officers employed for the 
protection of the colonies, many might be found possessing the necessary 
acquirements and disposition to conduct the observations upon a prescribed 
plan, which should be prepared by a Committee of the Royal Society and 
sanctioned by the authority of the President and Council of that body. 

The recommendation thus made to Government by the British Association, 
and strengthened by a similar recommendation from the Royal Society, having 
been acceded to, measures were at once taken for carrying out both classes 
of observation; and an appeal was at the same time made, through the proper 
authorities, to the governments of the principal nations of Europe and America, 
to participate in the inquiries by causing magnetic surveys to be made in 
their respective countries, and by establishing fixed observatories to carry out 
for a period of limited duration the same system of observation as that adopted 
in the British Colonies. 

. In both departments of inquiry the instruments and methods required for 
the research were for the most part novel. It was to be expected, therefore, 
that the experience of the first two or three years would be expended in re- 
vealing deficiencies and in suggesting modifications and improvements ; and 
that it would not be until these were devised and brought into use that the 
system of observation could fairly be considered to commence. A revised 
edition of the instructions of the Royal Society was published in this view in 
1842, and at the meeting of the British Association at Cambridge in 1845, 
(which was attended by special invitation by many of the directors of the 
continental observatories which had adopted the British system,) a further 
application was made to the British Government, and through it to the 
governments of other countries, to prolong the period for which the conti- 
nuance of the observatories was originally sanctioned. 

. The prominent part taken by the British Association in these recommen- 
dations naturally produced in its members a strong desire to be informed of 
the results which had been obtained by their means, and to have these placed 
before them in a more popular form than in the quartos filled with figures, 
in which the observations themselves, and elaborate investigations founded on 
them, are printed. Their wishes in this respect, which were certainly most 
reasonable, were communicated to me, as the Superintendent of the Colonial 
Observatories, several months ago by my colleagues in the administration of 
the affairs of the British Association ; and in accordance with their repre- 
sentation I undertook at our meeting last year at Hull, to prepare, for the 
present meeting, a report “On some of the results which had been obtained by 
means of the British Colonial Magnetic Observatories.” In acceding to this 
request, however, I felt it right to state my full belief that this would be 
the first moment at which such a report could be presented without being 
liable to the charge of being premature. The subject and the occasion: 
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required that no conclusions should be stated but such as were, at the 
least, tolerably assured by concurrent evidence drawn from the different 
quarters from which corroboration might be sought; and this implied not 
alone the completion of processes of reduction to which the observations from 
the different observatories must necessarily be submitted, but also the addi- 
tional labour of a coordination of the results obtained in different parts of the 
giobe. The time, indeed, is yet far distant at which anything like a complete 
view can be taken of what is capable of being elaborated from the immense 
mass of materials accumulated in the last few years; but it is possible that 
the time is arrived when a first and partial report might be made which may 
not be altogether unsatisfactory. 

I have said that the request made to me at the Hull meeting was to prepare 
a report to be included in the volume containing the record of this year's pro- 
ceedings, and as is usual in such cases, to form the subject of a sectional com- 
munication. It has since been stated to me by the gentlemen whose office it 
has been to prepare the arrangements for this meeting, that a communication 
made to the Association on a subject on which it has taken so strong an 
interest, would be preferably made tq the members of the different Sections 
united at an evening meeting. Now it bas long been the cherished custom 
of our Association that its members should undertake cheerfully, and without 
hesitation, whatever duties may be allotted to them; and however I may rea- 
sovably distrust my own suitability for so prominent a position as that which 
I am placed in, I have been sensible that I could not with propriety decline it. 
It would, indeed, ill become your General Secretary to depart himself from 
an obligation which he has so frequently urged on others; and assuredly 
there is no one who has had more experience than I have had, that the person 
who does his best to discharge the duty assigned to him may feel sure of 
receiving from you the fullest and most considerate indulgence. 

In considering then how! might most profitably use the opportunity which 
has been afforded me, I have thought that by confining myself to some one 
branch of the inquiry, I might hope to be able to convey, in the time to which 
an address of this nature must necessarily be limited, a more satisfactory notion 
of what is in progress of accomplishment, than if I were to enter upon a more 
extensive field; and 1 have selected as the topic most likely to interest the 
members of the Association generally, the evidence which we think we have 
acquired of the existence of a direct relation between the small periodical 
magnetic fluctuations which are obviously superimposed upon the mean state 
of the earth’s magnetism, and the two other bodies of the solar system, the 
sun and the moon, which, if magnetism be a cosmical and not simply a 
terrestrial agency, might be expected to afford some indications of such a 
relation. 

Commencing, therefore, with the Sun ;—the first point to which I will 
direct your attention is the change which is found to take place in the diurnal 
variation of the needle in different months of the year. To make this the 
more clear, it is, perhaps, desirable that I should first give you a brief expla- 
nation of the diurnal variation itself. It was long since observed that a magnet 
suspended horizontally, a compass needle for example, undergoes in the course 
of everyday a small variation in its direction, returning at the end of the twenty- 
four hours to the position which it occupied at their beginning. This is 
sometimes called horary variation, because the direction varies at the different 
hours of the day, and sometimes dturnal variation, because its period, or the 
cycle in which the variation is completed, is that of a solar day. Although 
there is still mach that is obscure in the mode in which the sun may produce 
this periodical fluctuation in the magnetic direction, we are at no loss to re- 
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cognize the sun as its primary cause, not only from the circumstance that its 
cycle or period coincides with that of a solar day, but also from the fact that 
the same changes of direction are found to occur at different places on the 
globe situated under different meridians, at the same (or very nearly the 
same) hours of solar time at each of those places. Thus, for example, in 
England, the north or marked end of the needle points to the extreme west 
of its daily movement when the sun is about two hours past the meridian, 
and the same thing is found to take place at the same hour of local time over 
the whole of Europe, although, as you are all aware, the absolute time cor- 
responding to the same r hour in the eastern and western parts of 
Europe is very different. The diurnal variation having thus its character 
dependent on and determined by the solar hour, we have this warrant for 
- regarding the sun as its primary or original cause. 

Tt has also long been known as a general fact that in Europe the amount 
of the diurnal variation is gréater in summer than in winter, a fact which 
found a ready explanation in the prevailing opinion which ascribed the mag- 
netic variations to thermo-electric causes, or to some other less definite 
modes of operation of variations of temperature, and which were naturally 
supposed to act with greater intensity in summer than in winter, inasmuch 
as the diurnal variations of temperature are greatest in summer; yet there 
were not wanting, even in the last century, observers in England who remarked 
that the increase of the diurnal variation in summer by no means coincided 
with, but considerably preceded, the period of the greateat summer heat, and 
also the period when the variation of temperature in the course of the day 
was greatest. But their remarks appear to have had but little weight in op- 
position to a favourite hypothesis, and it has remained for the far more 
extensive, more varied and more decisive conclusions derived from the obser- 
vations of the British Colonial Observatories to generalize the pheenomena, to 
manifest their utter irreconcileability with the explanations which would 
ascribe the change in the amount of the diurnal variation in different parts 
of the year to local variations of temperature, and to show that the true ex- 
planation must rather be sought in some more direcé action of the sun on the 
magnetism of the earth. " 

I shall endeavour to make this clear to you by a graphical representation 
which will require a few words of preliminary explanation. The part of the 
general phesnomenon of the diurnal variation to which I desire specially to 
direct your attention, is its alteration in character and amount in different 
parts of the year and in different parts of the globe. This part of the phe- 
nomenon admits of being viewed separately ; the mean diurnal variation in 
the year, the mean in fact of all the months, constituting, as it were, an horizon 
or a zero-line, in comparison with which the difference which takes place in 
the diurnal variation in the different months may be shown, and the attention 
may thus be brought to bear more immediately and more exclusively upon 
what may be not inappropriately termed the annual variation of the diurnal 
variation. It may be shown with the greatest simplicity for any particular 
station by lines which exhibit for every month of the year the difference at 
each hour of the day between the mean diurnal variation of the whole year 
and the mean diurnal variation in that particular month; and by comparing 
the alterations which we find to take place in the different months at stations 
very widely separated from each other on the surface of the earth, and strongly 
contrasted with each other in regard to all those physical circumstances of 
temperature, &c. which are dependent on and vary with geographieal 
position, we are enabled to test decisively the question whether those altera- 
tions are due to local circumstances, or are the result of some general cause 
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affecting in the same way, and to the same amount at the same time stations 
thus widely separated and contrasted. 

When the lines which thus represent the differences between the mean 
diurnal variation in the year, and in each of the months of the year, are 
drawn, they are at once seen to separate themselves into two well-chatac- 
terized groups, one consisting of the six months when the sun is north of the 
equinoctial line, and the other of the six months when he is south of the 
equinoctial line. This is found to be the case alike at stations within the 
tropics and at stations in the temperate zone, and not in one hemisphere 
only, but in both hemispheres. ; 

In every case the six months from April to September, and the six months 
from October to March, forming the two distinct groups, may be repre- 
sented by mean semiannual lines from which the individual months com- 
posing the respective groups differ comparatively very slightly, whilst the two 
semiannual lines, as compared with each other, exhibit very marked distinctive 
characters, particularly at the hours when the sun is above the horizon; and 
these characters are essentially the same in all the varieties of geographical 
position which I have enumerated. 

For the purpose of illustrating this remarkable fact, for the knowledge of 
which we are entirely indebted to the Colonial Observatories, I have placed 
in a diagram * the corresponding phenomena at St. Helena, an island in the 
middle of the ocean and within the tropics,—at Toronto in Canada, in the in- 
terior of a great continent, in 48° north latitude,—and at Hobatton in Van 
Diemen Iceland, in 48° south latitude. The lines in this diagram are in each 
case drawn from five years of hourly observation. The plain or black line di- 
stinguishes in each of these three figures the phesnomena of the same period of 
the year, namely the six months from April to September; and the dotted line 
the other semiannual period, viz. from October to March. The horizontal line 
in each figure is the meandiurnal variation in the year, and the upper side of the 
horizontal line corresponds in every case to an easterly, and the lower side 
to a westerly deviation from it. In viewing these three figures, it is scarcely 
possible to doubt that they represent substantially one the same pheeno- 
menon. The magnitude and the inflections of the curves are not indeed ab- 
solutely identical, but they approach so near to it, that we may well suppose 
the small differences to be very minor modifications, which may some day 
receive their explanation in minor modifying causes. 

Now, phenomena so nearly identical in character and amount, and yet pro- 
duced simultaneously at stations so widely dissimilar in Beographicas position 
and climatio relations, must have other causes than the very dissimilar varia- 
tions of temperature which take place at those stations in the course of the year. 
Situated in opposite hemispheres, the summer of Toronto is the winter of 
Hobarton, and vice versd ; whilst at St. Helena (in the tropics) the distinction 
of summer and winter almost ceases; the sun being vertical twice in the 
year, viz. in February and November, and the epochs of maximum and mi- 
nimum of temperature being very different from those at either of the extra- 
tropical stations. The sun's passages of the equator from north to south at 
the September equinox, and from south to north at the March equinox, are 
obviously the approximate epochs of transition from one class of phesnomene to 
the other, alike at each of the three stations. The influence of the epoch ie the 
same, and similar effects are produced, whether the station iteelf be north or 
south of the equator, and however diverse may be its climatic or its magnetic 
conditions. ‘The three stations include a difference of latitude of above 86°, 
Nore) from the “ Preceedings of the Royal Society,” May 18th, 1864 (vol. vii. 
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and a difference of longitude amounting to nearly half the circumference of 
the globe. It is difficult to resist the conclusion that an effect so general 
and so simultaneously produced points to a direct action of the sun upon 
the magnetism of the earth. 

Now as to the precise epoch when the pheenomena pass from the repre- 
sentation which is given by one of these curves into the very dissimilar phe- 
nomena of the other semiannual curve :—The separation of March which is 
in the one group from April which is in the other, and of September in the 
one group from October in the other, suffices to point generally to the sun's 

_ passage of the equator as the epoch of transition. But by taking our mean 
representations for shorter and more critical periods than monthly ones, 
(seeing that the equinoxes occur nearer the middle than the end of their 
respective months, ) we are able to press the identification still closer, and to 
ascertain that the mean of the three weeks from the Ist to the 2lst of Sep- 
tember, being the three weeks immediately preceding the day of the Sep- 
tember equinox, scarcely differs sensibly at any hour of the day from the 
semianuual mean of the preceding half-year, and consequently that the phe- 
nomena of that semiannual group have undergone no sensible change when 
a mean is taken corresponding to the tenth or eleventh day before the equi- 
nox. On the other hand, when a mean is taken corresponding to the three 
weeks succeeding the day of the equinox, namely the last nine days in Sep- 
tember and the early days of October, of which the mean corresponds to the 
10th or 11th day after the equinox, the transition from the character of 
the preceding six months has not only commenced, but has already advanced 
very far towards its completion; and by the middle of October is quite com- 
plete, as the line corresponding to the middle of October exhibits no trace 
whatever of the semiannual characters which ten days before the equinox 
had undergone no modification. ; 

To recapitulate ;—the mean line corresponding to the ten or eleven days 
beforethe equinox exhibits notrace whatever of the commencementof a change. 
The mean line corresponding to ten or eleven days after the equinox exhibits 
the change as having commenced, though not yet complete. The mean line 
corresponding to twenty-five days subsequent to the equinox (viz. the mean 
line for October) exhibits the transition fully completed. Such are the facts 
at the September equinox. A similar investigation in the case of the March 
equinox shows in the same way no trace of change ten days before the equi- 
nox; and the change commenced, but incomplete, at an equal period ahter 
the equinox. Apparently the progress of the change is somewhat more 
tardy in the March than in the September equinox. In both cases we 
have the indication that the commencement of the change synchronizes 
with the equinox, but that a certain interval of time, a few days more or less, 
is required for its completion. This appears analogous to the change which 
is operated in the induced magnetism of a ship, when she changes her geo- 
graphical position and by so doing changes her position also relatively to 
the inducing cause, which in the case of the ship is the terrestrial magnetism. 
It has been found that in such cases the induced magnetism of the ship 
begins to change when the change in her position commences; but that an in- 
terval of time is required (variable partly with the rapidity and other accidents 
connected with her change of position, and partly also with the degree in which 
the iron she contains is susceptible of immediate magnetic change) before 
the change is completed, and her induced magnetism is again in accord with 
its inducing cause*. We have no reason to suppose that the effect of any 
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external inducing cause acting on the magnetism of the'earth would be dis- 
similar from that which we observe to take place in the iron of a ship. 
When the magnetic heterogeneity of the materials at the surface of the 
earth is considered, the supposition can scarcely be thought an unreasonable 
one, that the change which may be operated in the earth's magnetism by 
the sun’s passage of the equator, supposing the sun to have a direct magnetic 
influence on the earth, may commence with the epoch of the passage, but 
may not be completed until a few days subsequent to it. 


The next instance which I shall bring before you, in which a direct action 
of the sun appears to furnish a better explanation of the phenomena than an 
action operating through the agency of variations of temperature at the par- 
ticular stations, is connected with the earth's greater proximity to the sun in 
one part of her annual orbit than in the opposite part. The orbit being an 
ellipse, the perihelion, or nearest approach of the earth to the sun, is in De-~ 
cember, and the aphelion, or greatest distance from the sun, is in June, the 
amount of difference being about one-thirtieth of the mean distance. Now 
if there be any portion of the earth’s magnetic force which is derived from 
the sun, it would be reasonable to expect that the intensity of that portion of 
the magnetic force should be greater in December than in June, and that 
this effect should be general over the globe, and exhibited of course in both 
hemispheres. It might well have happened, indeed, that the whole effect of 
the sun’s magnetic influence might have been so small, that the difference in 
the effect due to a fluctuation of not more than one-thirtieth of the mean 
distance might have been insensible, or at least too small to be cognizable 
by our instrumental means. It does happen, however, that we do find by the 
obeervations that there is a small annual variation in the intensity of the 
magnetic force of the earth, and that it is shown concurrently by the observa- 
tions in both hemispheres, viz. at Toronto and Hobarton, and that this varia- 
tion coincides with the supposition which has been spoken of, being an excess 
of the force in both hemispheres in the month of December as conipared 
with Jume, and nearly to the same amount in both hemispheres, viz. about 
two-thousandths of the whole magnetic force of the earth. This amount, 
though small, is not beyond the competency of the instruments or of the 
methods employed to determine it. It is the result at each station of several 
years of observation, but the excess in December is also shown when the 
whole period from which the mean is derived is broken into smaller portions. 
Had this result been obtained in one of the hemispheres only, say, for ex- 
ample, in the northern hemisphere, we might have supposed the increase in 
the magnetic force in December to be in some way connected with the 
winter's cold in that hemisphere; or if obtained in the southern hemisphere 
alone, a connexion might have been imagined with the summer's heat; but 
the same effect being found to take place at the same period of the year 
alike in both hemispheres, notwithstanding their opposite climatic circum- 
stances, seems to remove it from the category of effects which can be 
ascribed to local variations of temperature, and to assign it a place amongst 
other concurrent indications of the direct magnetic influence of the sun. 


But the most remarkable evidence, and the least intelligible upon any other 
supposition than that of a direct magnetic connexion between the sun and 
the earth, is furnished by the knowledge which we have guined through the 
British Colonial Observatories*, of the existence of a periodical fluctuation in 
the magnetic disturbances (or magnetic storms, as they are sometimes called), 
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which corresponds in a manner and to a degree whieh can scarcely be ima- 
gined to be accidental, with an analogous fluctuation which recent observa- 
tion has also discovered in those affections or obscurations of the sun's dise 
which are known to us by the name of the solar spots. It is unnecessary 
that I should occupy your time by entering into questions much discussed 
by philosophers, in regard to the probable physical nature of these spots; it 
will suffice to state the fact, that when the sun is viewed with a telescope, his 
luminous disc is found to be scarcely ‘ever free from dark or ashy-coloured spots 
of irregular and variable outline, appearing and disappearing at uncertain 
times, and having no fixed period of duration. They are occasionally, though 
rarely, so large as to be visible to the naked eye when the brightness of the 
aun is partially veiled by thin clouds or by vapours. For several years past 
the solar spots have been the subject of cureful daily observation, particularly 
in Germany, by which it has been learned that the number of the spots, and 
the space they occupy on the solar disc, vary considerably at different times, 
and that the variation is of a character which we can by no meaos regard as 
accidental, since it follows with great regularity a law of periodical alternate 
increase and decrease, continuous and progressive from a minimum to a 
maximum in a period which corresponds nearly with five of our years, and 
from a maximum to a minimum in a period of similar duration. Several such 
periods of alternate increase and decrease have now been observed, so as 
thoroughly to establish the fact and the regularity of its oecurrence. The 
spots usually appear in groups, and to give a notion of the magnitude and 
the variation of their number at different times, it may be stated that in the 
years of minimum the number of distinct groups appearing in the year is 
usually between thirty and forty; whilst in the years of maximum the num. 
ber is between $00 and 400. The years of maximum, since the solar spote 
have been subjected to this careful examination, have been 1828, 1887 and 
1848; the years of minimum 1898 and 1843. 

Now, before we come to the parallel circumstances of a decennial periodi- 
city in the magnetic disturbances, it may be desirable to premise a few 
words of general explanation respecting these phssnomena, of which the 
greater part of our knowledge is so recent. When the Colonial Magnetio 
Observatories were established in 1840, little more was known of them than 
the fact, that at uncertain and apparently irregular times the magnetic diree. 
tion and force were liable to be affected by seemingly capricious changes, 
sometimes of very considerable amount, and occasionally succeeding each 
other with great rapidity ;—that these affections took place at one and the 
same time in different parts of the continent of Europe;—and that the changes 
which they induced in the magnetic direction and force observed within 
those limits, were generally simultaneous (in absolute time), and to a great 
degree similar. A connexion had also been inferred between the disturb- 
ances and the aurora borealis, from the circumstance that auroras of remarke- 
able brilliancy had been frequently known to occur at times wien the mag- 
netic instruments were unusually disturbed. Now, the observations at the. 
Colonial Observatories have, in the first place, extended and rendered more 
precise our knowledge of the generality of these phenomena. They have 
shown that parts of the globe most distant from each other are affected by 
them at the same time; but that when places thus simultaneously affected 
are very distant from each other, the effects at each may be very dissimilar. 
The most careful comparison with the variation of the meteorological ele- 
ments has failed to establish the existence of any mutual connexion. Their 
duration has also been found to be as apparently uncertain as their oceur- 
rence, extending sometimes over three or four successive days without 
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intermission. So far they have still appeared to justify the term irre- 
gular which had been originally applied to them. But on a more close 
and studious examination, and by adopting a process of investigation suit- 
able for the purpose, the frequency with which disturbances of this unex- 
plained character occur, and the aggregate amount of disturbance which 
they produce in the different months of the solar year and at the different 
hours of the solar day, were found to exhibit periodical laws of consistent 
and steady recurrence. In the case of the hours, for example, and confining 
the attention to a single station on the globe, it was found, by concurrent 
results in each of several successive years, that the greatest amount of die- 
turbance occurred at a certain hour, and the least amount at another certain 
hour; and that this was the case both in the direction and the force, though 
not at the same hours; also, that the disturbances which increase the force 
had certain hours of maximum and minimum, and those which diminish the 
force certain other hours of maximum and minimum; and that, in a similar 
manner, the disturbances deflecting the needle in one direction had their 
fixed hours of maximum and minimum, and those deflecting the needle in 
the opposite direction had also their own particular hours. It need scarcely 
be said that laws which, as may easily be supposed, are somewhat complicated 
in their results, are not obvious in every disturbance that occurs; but certi- 
tude in respect to the stated regularity of their occurrence is obtained by the 
employment of the method which has been so fertile of late years in the 
establishment of so many natural laws, viz. the deduction of mean numerical 
values from a large body of observations, and the subsequent comparison 
of these with the mean values corresponding to distinct parts of the same. 
By the adoption of this method, the periodical fluctuation of which we are 
speaking is found to take place with great regularity at all the stations 
at which the investigation has yet been made. The progressions from the 
maxima to the minima and from the minima to the maxima are almost 
uniformly continuous in the results, even of each independent year; thus 
manifesting ap existing connexion between the disturbances and the hours of 
solartime. By the same method, a similar periodicity is shown to exist in the 
disturbances occurring in the different months which constitute the solar year. 

At all the stations where the investigation has hitherto been made, the 
disturbances are thus found to manifest periodical laws dependent on the 
solar hours and the solar months. The epochs of the maxima and minima 
of the several pheeunomena are not the same at different statiuna; and for the 
complete elucidation of the subject a greater number of stations will there- 
fore be required than those at which the examination has yet been made. 
But for our present purpose we have full and sufficient evidence, that whilst 
on the one hand the disturbances occur from time to time at intervals which 
are not marked by any other ordinary terrestrial pheenomena with which 
we are acquainted, they manifest, at the same time, in their details a sub- 
ordination to solar times which shows them to have a connexion of some 
kind with the sun. Now, if this connexion could be traced no further, it 
might be difficult absolutely to establish, that the effects, which have been 
thus described, were not in some way due to those variations of temperature 
which the sun occasions in the atmosphere and at the surface of the 
earth. The connexion, however, between the frequency and the amount of 
the solar spots, and the frequency and amount of the magnetic disturbances, 
to which I now proceed, appears to offer no uncertainty, and to admit of no 
question of this nature ; for the most careful investigations by physicists of 
great eminence and experience have failed to discover the slightest influence 
of the variations of the solar spots upon the thermic conditions either of 
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the atmosphere or of the earth. Until this connexion was observed, no 
correspondence whatsoever, though carefully sought, bad been found between 
any other known phenomena, either cosmical or terrestrial, and the affections 
which we perceive to take place with so much regularity and to so great an 
extent in the solar disc. On this subject, therefore, I am now especially 
desirous to put before you the precise amount of the correspondence with 
the magnetic variations which has been discovered; since, if it should be 
contirmed by further experience, it may not unreasonably be expected to 
throw an important light on many matters of high scientific importance,— 
such as the nature of the solar spots themselves, the mode of action by 
which magnetic effects are produced by the sun upon the earth, and possibly 
even upon the nature of magnetism itself. 

The observations employed in the investigation were the hourly observa- 
tions made at two observatories, Toronto and Hobarton, the stations being 
in opposite hemispheres and nearly in opposite points of the globe. The 
observations commenced in the latter part of 1842, and were maintained for 
five years, terminating consequently in the latter part of 1848. Every ob- 
servation occurring in these five years whith exceeded a certain’ amount of 
difference from the mean value in the same month and at the same hour, was 
considered a disturbed observation, and being separated from the rest, these 
constituted the body of disturbed observations, which were made the subject 
of examination at each station. By assuming an arbitrary and somewhat 
large magnitade as the standard of disturbance, the observations separated 
were doubtless less in number than would have been the case had it been 
possible to have adopted an absolute criterion; but one and the same mag- 
nitude having been preserved as the standard in each of the years, the rela- 
five frequency and relative aggregate values in the different years were 
obtained, very approximatively at least, in their just proportions. At each 
station the disturbances were found to increase, both in frequency and in 
aggregate values, progressively from 1843 to 1848; the aggregate value of 
the disturbances in 1848 being, both at Toronto and Hobarton, about three 
times greater than in 1848. It happened that at the very time when a 
somewhat laborious investigation had conducted me to this result, I had be- 
fore me, in the third volume of M. de Humboldt's ‘ Kosmos,’ the results of 
M. Schwabe’s observations of the solar spots from the year 1826 to 1850, 
then first made public for the portion subsequent to 1844, and I was imme- 
diately and most forcibly struck by the coincidence both in period and epoch 
with the variation announced by him in the frequency and amount of the 
spots, of which a minimum was also in 1843 and a maximum in 1848. The 
hourly series of observations at Toronto having been preceded by a two- 
hourly series in 1841 and 1842, a similar examination was made of those 
years when it was found that the magnetic disturbances as well as the solar 
spots increased in going backwards from 1843. A similar examination has 
siuce been made by Captain Younghusband, recently my assistant at Wool- 
wich, of the disturbances at St. Helena and at the Cape of Good Hope, and 
the results have been communicated by him to the Royal Society. Though 
the series of observations from which the results are derived was less exten- 
sive than at Toronto and Hobarton, ceasing at the Cape in 1846 and at 
St. Helena in 1847, the year of minimum disturbance at both the latter 
stations is 1843, and the increase is progressive to the close of the series. 

Having this striking indication of a connexion between certain of the 
magnetic variations and the solar spots, limited unfortunately in respect to time 
by the termination of the observations at the Colonial Observatories, but re- 
markably accordant within those limits, it was natural to examine whether any 
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similarvariation was discernible in other terrestrial magnetic variations, which, 
like the disturbances, were regulated bysolar hours ; andI had soon the gratifi- 
cation of perceiving that the mean diurnal variation in each year (that of 
which I spoke in the early part of this exposition) exhibited a variation in 
tts amount in DIFFERENT YEARS, which, like the disturbances and the solar 
spots, had a decennial period; that the epochs of minimum and maximum 
were also 1843 and 1848; and that in the two broken half-periods, the oue 
previous to 1843 and the other subsequent to 1848, the same law of alternate 
progressive increase and decrease was manifested. In the conclusion of 
which I am now speaking, viz. the decennial fluctuation in the magnitude of 
the diurnal variation, I was, without being aware of it, preceded (in one of 
the magnetic elements, viz. in the declination) by our associate, M. Lamont, 
who had perceived it in the examination of the observations of the same 
ears made in the Magnetic Observatory at Munich, but to whom it is pro- 
ble that the account of M. Schwabe’s observations of the periodicity of 
the solar spots was not then known, for otherwise I have little doubt that the 
coincidence would have attracted his attention. 

From the Munich observations, the years 1848 and 1848 were also found 
to be the epochs of minimum and maximum in the magnitude of the diurnal 
variation of the declination dependent on the solar hours. I have since 
ascertained that these are also the years of maximum and minimum of a 
periodical fluctuation in the diurnal variation of the inclination of the mag- 
netic needle and of the tntensity of the magnetic force of the earth, as well 
as of the horizontal direction of the needle, at ull the four stations at which 
the Colonial Observatories were established. 

It is fully admitted, that before so important a fact as that of a correspond- 
ence in period and epoch between affections of the luminous disc or photo- 
sphere of the sun, and magnetic variations observed upon the earth, can 
be regarded as positively established, it will require to be confirmed by ob- 
servation of the recurrence of the coincidence in several successive periods. 
But so far as the limited duration of the Colonial Observatories has permitted 
the comparison to be made, the: coincidence thus brought by their means 
into public view, and submitted for a further examination, (which it cannot 
fail to receive,) has been manifested alike by every one of the magnetic varia- 
tions, which, by their dependence on solar hours, are traceable to the sun as 
their primary cause. 


Had the observatories borne no other fruit of an analogous description but 
that which I have thus brought before you regarding the Sun, they would 
have been entitled to the distinction of having at least indicated a coincidence 
between terrestrial magnetic variations and the phenomena of one of the 
heavenly bodies, which coincidence is characterized by the absence of any 
discoverable corresponding variations of temperature, or terrestrial affections 
of any sort, through whose agency or intermediation the magnetic changes 
might be produced. But the evidencein regard to the sun does not stand alone. 
In the case of the Moon also, we have been able to trace unquestionable evi- 
dence of the existence of a magnetic variation at the surface of the earth, 
dependent on a change in the moon's place relatively to the meridian of the 
place of observation at the different hours of the day, and therefore appro- 
priately named the funar diurnal magnetic variation. I need scarcely 
remark, that in the case of the moon, any supposition of the intermediation 
of temperature as the producing cause of the terrestrial magnetic affection 
would be, if possible, even more improbable than we appear to have reason 
to infer it to be in the case of the solar spots. 
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In speaking of the lunar magnetic influence, however, it is proper to pre- 
mise that the Colonial Observatories cannot claim the distinetion of having 
been the first to make it known; although it is probable that the knowledge 
which has been gained by their means, of the different effects which the 
moon’s magnetic influence produces in different parts of the earth, cannot but 
contribute in a very material degree to that generalization of the phesnomena 
to which we must look before we can expect to have a satisfactory know- 
ledge of what the moon's magnetic state is. Without entering into parti- 
culars, for which this would be an unsuitable occasion, I may perhape suc- 
ceed in acquainting you by a few words with the method by which another 
of our aseociates, M. Kreil, Director of the Magnetic Observatories, Gret at 
Milan and afterwards at Prague, and now Superintendent of the Magnetical 
and Meteorological Establishments in the Austrian States, succeeded in 
tracing the existence of the lunar influence of which we are speaking, and 
which, with some modifications, I have aleo employed for a similar investiga- 
tion of the observations collected at the Colonial Stations. The method, 
as employed for the Colonial Observatories, is as follows:—-The precise 
direction to which the magnet points is observed, as I have already 
noticed, at every hour. These are hours of solar time, and differ from 
hours of /unar time, inasmuch as the moon takes, on the average, about 
94 hours and 40 minutes of solar time from her passage of the meridian oa 
one day to her passage of the meridian at the same place on the next day. A 
lunar hour is therefore somewhat longer than a solar hour, and observations 
made at regular intervals of solar time do not exactly correspond toany regular 


_ series of lunar hours. But the twenty-four observations made in the course 


of a solar day may be so arranged that each observation may be placed in 4 
table under the lunar hour to which it is nearest in point of time; and in 
this arrangement the greatest error that can take place in the classification of 
the observations, according to their corresponding nearest lunar hour, will not 
in any case exceed $0 minutes. If therefore the whole of the hourly observe- 
tions for several years are thus arranged, a mean of the observations at each 
lunar hour, taken for each lunation or period of about twenty-eight days, or 
for several such periods combined, will show the relative direction of the 
magnet at each of the 24 lunar hours, or say at 0 hours when she is on the 
upper meridian, at 12 hours when she is on the meridian below the pole, 
at 6 hours and 18 bours when she is 90° on either side of the meridian, and 
at the intermediate hours when she corresponds to the intermediate hour- 
angles. Now when this is done, and the results during several lunations are 
grouped together, so that disturbing influences from other causes may be 
more effectually counterbalapced, and thereby eliminated, the magnetic 
direction is found to undergo a regular and systematic change in the course 
of the lunar day, having two epochs of greatest easterly-pointing and two 
epochs of greatest westerly-pointing between each two successive passages of 
the moon over the meridian of the station, the change in the direction being 
continuous and progressive from the easterly extremes to the westerly ¢x- 
tremes, and wice versd. 

In consequence of the difference between solar and lunar time, the obser 
vations arranged under any one of the lunar hours must inclade every variety 
in the succession of solar hours, and eonsequently every variation dependent 
upon solar hours becomes compensated ; or the observationagmay be used 
after the solar diurnal variation as well aa the larger disturbances have been 
eliminated. 

There are some peculiarities in this lunar diurnal variation which sr 


worth adverting to even in so general and cursory a notice as the present; 
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they will probably conduce (with others discoverable by davestigationa till 


in progress) toa more intimate knowledge of the magnetic ma oF the moar, 
and may. then receive their explanation. Lows 

The two extreme easterly elongations take place at each of thé three 
stations of Toronto, Hobarton, and St. Helena® (the Cape of Good Hope still 
remaias to be investigated), at nearly opposite points of the hour-circle, as 
do also the two extreme westerly elongations; but at each station the elon- 

ions in the two directions are not of the same amount. At Hobarton and 

Helena, both in the southern hemisphere, the westerly elongations have the 
largest values,and at Toronto, in the northern hemisphere, the easterly (speak- 
ing always of the north or marked end of the magnet). ‘The lesser elongations 
are in each case about two-thirds of the greater. There is aleo another well- 
marked feature of difference at the different stations, in regard to the Junar 
hour at whieh the extreme east and west elongations occur. At Toronto the 
eusterly elongations take place almost exactly at the times of the moon's upper 
and lower culmination, and the westerly elongations at the intermediate lunar 
hours of 6° and 18". At Hobarton the westerly elongations occtr about two 
hours after the upper and lower culminations, and the easterly elongations 
about two hours after the lunar hours of 6" and 18°; whilet at St. Helena the 
westerly elongations occur about two hours before the culminations, and the 
easterly extremes about two hours before 6° and 18*. It is, perhaps, from 
such differences as these, in the effects produced by the moon's influence at dif- 
ferent points of the globe, that we may most hopefully expect to obtain a more 
intimate acquaintance with the moon's maguetism, towhich they appear to be 
ascribable. But before this investigation is entered upon, we have yet to learn 
the corresponding effects produced in the two other terrestrial magnetic 
elements, viz. the inclination and the intensity of the force, by processes 
which necessarily occupy much time, but are in progress. 

I must not, however, omit to notice a very important fact, viz. that in the 
terrestrial magnetic variation occasioned by the moon, there ts not the 
slightest érace of the decennial period which is so distinctly marked in all the 
variations which are connected with the sun. 


Ia the endeavour which I have thus made to meet the wishes of those who 
considered that some account, however necessarily imperfect, ought to be now 
given of the progress which has been made in magnetic science, by the aid 
of the establishments which were so greatly indebted for their institution to 
the British Association, I have confined myself strictly to one branch of the 
inquiry, which I selected as being the most likely to interest the greater 
number of my auditors. Strietly as I have done this, and carefully as I have 
endeavoured to be as brief as the subject would permit, I still feel I have 
made a larger demand on your attention than I could have wished. I will 
only permit myself, therefore, in conclusion to remark, that the extension, to 
other bodies of the solar system, of forces which we perceive to be in action 
in our own planet, cannot be regarded otherwise than as one of the most im- 
portant results which could be hoped for from the prosecution of a scientific 
research. | 

Of the material substances, solid, gaseous or liquid, of which the other 
bodies of the solar system are composed, whether identical or otherwise with 
those which we find in our own planet, we have extremely little knowledge; 
nor do we appear to be likely to increase it by any means of direct observa- 
tion which we can anticipate; but it is otherwise in respect to the forces 
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which bind the different parts of the solar system together in cosmical con- 
nexion. These open to us a field of research which is the more inviting be- 
cause they appear to be regulated by laws of uniform action to the extreme 
limits to which their agency can be traced. It is possible, therefore, that 
laws which we may establish by means of phenomena within our own imme- 
diate sphere, may reach and explain the phenomena of other spheres which 
might otherwise appear to us veiled in impenetrable mystery; and in like 
manner, laws which we may first develope by studying them in the mutual 
relation which they produce between our own and other bodies, may possi- 
bly give us an earlier or a more perfect command than we might otherwise 
have acquired of their controlling agencies in our own planet. We have 
been long familiar with gravity as a force of this description, and with its 
extension to every part of the solar system, not to speak of the regions be- 

ond. We have hitherto known magnetism only as a telluric force, of mach 
ess apparent simplicity than gravity, and greatly requiring a key to enable 
us to apprehend its laws, as well as its purposes in the general economy of 
nature. To improve our knowledge in these respects was the object of the 
Magnetic Observatories. But if, as we appear to have reason to believe, we 
are to view magnetism not only as a ¢elluric but also as a cosmical force, 
the interest and importance of our inquiries regarding it must undoubtedly 
be viewed as greatly augmented. 


Liverpool, Sept. 25, 1854. 


Postscript, Sept. 26, 1854. 


If our highly valued member, Dr. Lloyd, had not been unfortunately pre- 
vented by, I trust slight, remains of illness from coming to Liverpool, and if 
my own voice and strength had permitted me, I had wished and purposed to 
have added, after the close of the above address, a few words. They would 
have been on the great services rendered by him towards the attainment of 
the data on which the above results are based ; more especially by the great 
and important aid given by his ability, skill, and inventive genius to the 
instruments and methods of observation with which our Colonial Observato- 
ries have worked. A full explanation of these would be far too long, and 
quite needless; suffice it to say, that of the instructions from the Committee 
of the Royal Society which I have referred to, much the greatest portion is 
due to him; and besides this, his kind personal instructions were freely given 
to those officers who were the first directors of three out of the four Colonial 
Observatories. But more than all, it is aléogether to him that we are indebted 
for the instrument by which the variations of the vertical component of the 
earth’s magnetic force have been observed, without which the variations of 
the declination and of the horizontal force could alone have been fully ascer- 
tained, and the variations both of the inclination and of the total force could 
have been only imperfectly made known to us,—E. S. 


ILLUSTRATIONS OF THE ANNUAL VARIATION OF THE DIURNAL VARIATION. 
hk téne.—Mean Semiannual Diurnal Variation, March 22 to September 90. Dotted line.—The same, Sept. 22 to March 20, 
Fig. 1.—St. Helena. 
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Report of the Committee on Earthquakes, with thetr Proceedings 
respecting Seismometers constructed under the superintendence of 
Major James, R.E. By Col. Portiock, R.£., F.R.S. 


Ir is necessary to precede the brief statement which I am about to make, by 
an equally brief notice of the object which, in the present case, the Com- 
mittee desired to attain, and of the circumstances which had given rise to it. 
In 1848, at the Swansea Meeting, I brought under the notice of the Com- 
mittee of Section A. the importance of observing and recording the earth- 
quake shocks which are so frequent in the Ionian Islands, and the probability 
that the Board of Ordnance would be disposed to assist in such an under- 
taking, if applied to by the Association; by directing some of the many 
scientific officers of Artillery and Engineers stationed in the islands to make 
the inquiries, and by furnishing them with instruments for the purpose. As 
at that time Mr. Mallet was engaged in devising the best mode of making 
such observations, the Committee thought it prudent to defer such an appli- 
cation until the result of his experiments had been made kaown. Two 
valuable Reports of that most able investigator of earthquake phenomena 
were presented to the Association ; but 4s no definite result had been arrived 
at in respect to instruments, I again brought the matter forward in 1852; 
and Colonel Sabine and myself were directed to communicate with the 
Master-General of the Ordnance on the subject. Col. Sabine accordingly 
wrote to the Master-General, and after consulting Sir J. Burgoyne, Major 
James, who had been entrusted with the superintendence of meteorological 
instruments, was directed to have a pair of Seismometers constructed, that 
they might be sent to the Ionian Islands. In 1853 the Earthquake Com- 
mittee was re-established ; and I was requested to act as the organ of inter- 
communication, in order to offer any necessary suggestions in respect to the 
construction of such instruments ;—but I mast turn for a moment from these 
proceedings to the object to be attained. 

Of the ultimate cause of earthquakes we can only conjecture; but, whether 
the result of some impulsive action consequent on the sudden development 
of gaseous matter, or of vapour in a state of high elastic tension, or of any 
other souree of pressure, causing the disruption or rending of the earth's 
strata, it seems now generally admitted that they are waves of vibration 
transmitted through the earth’s crust from the focus of disturbance. If s0, 
they may be expected to be transmitted in all directions, though the curve 
of the wave may be modified by many circumstances, depending on the dif- 
ferent conditions, as to elasticity, of the transmitting medium ; and will thus 
arrive at the earth’s surface in such a manner, that the curve of the wave 
will intersect the curve of the earth's surface at angles varying with the 
position of the intersection aa regards the centre of the wave curve. At any 
point of the line of intersection, the remaining force of the last vibration will 
therefore manifest itself in a direction which may be resolved into two forces 
—one vertical, and the other tangential ;—the latter being progressive, as it 
were, on the earth's surface. The progressive component will increase in 
proportion to the vertical, according as the wave intersects the earth's 
' surface at a more oblique angle, and vice versd ; so that it is essential to esti- 
mate the proportion between these elements in order to determine, or at least 
estimate, the position of the focus of disturbance. In order to effect this 
object, two modes might be suggested : namely, Ist. To measure the actual 
wave itself, as exhibited on the earth’s surface by the amount of displacement, 
both vertically and laterally; 2ndly. The transmission of the wave into some 
more elastic substance, and receiving from it the final shock so as to deter- 
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mine the intensity of the remaining force. The former has been the system 
adopted,—directly, in the mode of solid pendulums, and indirectly, by that 
of liquid pendulums,—to use the term of Mr. Mallet, their proposer. 
Immediately after the re-appointment of the Committee, I heard from 
Major James that he had adopted, more from necessity than choice, the 
form proposed and adopted by Prof. James Forbes; and that he had found 
it unsatisfactory, as a purely vertical force tended to produce a lateral move- 
ment; and thie seems a necessary consequence of a construction which in- 
troduces a flexible epring or wire between the pendulum and its support,— 
as this spring bends, and then, in recovering its straightness, produces a 
lateral vibration in the pendulum; but as an instrument had been made, it 
appeared prudent to submit the proposition to the Committee, as one of 
inquiry, as to the possibility of modifying or improving this specific con- 
struction ; and I offered a suggestion as to a disc of metal, supported on a 
conical pillar, and armed with a pointer at top, as a construction which might 
avoid the disturbing influence of the vertical component. Prof. J, Forbes 
made some slight modifications in this construction; and wrote that he 
thought it might be advantageously adopted for determining some forms of 
the possible movements consequent on earthquake disturbance. As such, I 
sent it to Major Jamew, advising him to use hia own discretion, as it would 
be better to have two of the first construction of Prof. Forbes, than one of it 
and another of the disc pattern. He, however, had two disc Seismometers 
constructed, altering, for convenience sake, the mode of suspension, so as to 
enable the instrument to mark the angular movement below rather than 
above, as in my suggestion. His proposition to do this I also submitted to 
several niembers of the Committee; but receiving no suggestions for change, 
—and indeed from Mr. Mallet a reiteration of his former opinion, that no 
solid pendulum could be of any use,—I saw no reason to interfere further 
with the construction; and the instruments are now before the Section. © 
Before making any further observations on this part of the subject, I will 
allude shortly to the liquid mode of registration—namely, that proposed by 
Mr. Mallet in the “ Admiralty Manual.” This is by bent tubes, }’ diameter, 
one leg being vertical and closed, the other horizontal and open, each limb 
having about 6" of mercury at the bend. Now,a pointer of cork being 


introduced into the open end, a sudden lateral shock would cause the mercury 


to displace the cork, which would thus mark the extent of the movement. 
Four such tubes joined together, and facing N.S.E.W., would of course 
indicate the particular direction of the shocks. An inverted syphon tube, 
upon the same principle, Mr. Mallet also suggested for measuring the 
vertical shocks. Another instrument, on the same principle, is described, by 
Dr. Daubeny, as the invention of Cacciatore, of Palermo, and is stated by 
Frederic Hoffman to bave been used for determining the direction and 
intensity of earthquake shocks in-Sicily. It is a circular dise of wood, ten 
inches in diameter, with a smooth bottom and surrounded by a rim with 
eight holes: outside of the rim is a circular wooden projection, with eight 
grooves, corresponding to the holes, and intended to convey the mercury to 
the receivers or cups placed below them. In this arrangement a purely 
vertical shock would be marked by a similar quantity in each cup; buta 
vertical and horizontal would complicate each other. I do not here allude 
to the more elaborate mode proposed by Mr. Mallet, with the aid of a gal- 
vanic battery, as he is still pursuing his inquiries with a view to the future 
determination of a more perfect instrument; but I will observe, that it 
appears to be the opinion of severak of the Committee, that the difficulty is 
much increased by endeavouring to measure all, or even several, of the 
2B2 
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elements of great shocks, by one instrument. It would seem, therefore, wise 
to keep the observations separate ; namely, that for time, by itself; for vertical 
direction, and intensity of force in that direction, by itself; and for progressive 
direction and intensity, by itself. 

Supposing only the time observed, how interesting would be the fact, that 
in a long line subject to such frequent disturbances, some were common to 
two, some to three places, and so on; and, in like manner, that the place 
of greatest disturbance should be found to shift, being, for example, io the 
Ionian Islands, at one epoch at Zante, at another at St. Maura, andso on! At 
present only great shocks are noticed, but in such regions many minute shocks 
might intervene between them. The vertical and the horizontal intensities, 
or the extent of the vibrations in those directions, should also be recorded 
or observed separately ; but the real difficulty in any ordinary instrument is 
to make it record more than one shock without re-adjustment : still, however, 
by making the periods of examination and adjustment at very short intervals, 
there can be little doubt that all great shocks would be very closely registered. 
The chances of overcoming the difficulties will be greatly increased by keeping 
each function separate ; namely, the shock in its vertical component, the 
shock in its horizontal component, and the time of shock ; and by due attention 
to any one of these functions, very much improved systems of registry may 
be devised. And it is probable even that a fitter method may be discovered 
for determining the intensity by some other means than the angular motion, 
even by using solid instruments. I hope, indeed, to obtain some data for 
this purpose by means of the vibrations in heavy guns, &c. at Woolwich: 
not, however, desiring to interrupt in any way the progress of Mr. Mallet’s 
researches; though it is evident that simple and yet accurate forms of 
instruments, cheap in construction so as to be multiplied for as many places 
as possible, and easy of manipulation so as to be trusted to ordinary observers, 
are the present desiderata. 

The disc instruments constructed by Major James, though conforming to 
the general principle suggested by me, as the organ of the Committee, are 
probably deficient in weight, and would, therefore, oppose too little inertia 
to a severe shock to preserve them from irregular oscillations; but as this 
defect can be easily remedied, they deserve a practical trial. Major James 
has also had constructed a simple pendulum for the same purpose, and 
another provided with a weight suspended by a spiral spring surrounding 
the rod of the pendulum, and attached to its upper end, the object of which 
is to register the vertical and horizontal movements at the same time :—a 
niode of determination which had also been suggested by Mr. Mallet. 
These instruments deserve also to be fairly tried, as they will unquestionably 
give valuable information on some, though not on all, the elements of this 
important subject; but it is hoped that, hereafter, those who pursue the 
subject will endeavour to perfect the observations of each element of the 
disturbance,—not, however, forgetting, that it is also desirable so to link 
them together, that every shock may be referred to its true epoch. 
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On the Infiuence of the Solar Radiations on the Vital Powers of Plants 
growing under different Atmospheric Conditions.— Part II. 
By J. H. Guapsrong, PhA.D., F.R.S. 


Since I laid before the British Association my former Report, some of the 
experiments there detailed have been repeated, and the investigation has 
been pursued further in the same direction. I have the honour now to 
present the results which have been obtained. 

The experiments about to be described were conducted, not as before at 
Stockwell, but in Tavistock Square, London. The locality was not quite so 
favourable to the growth of plants, but they had always the advantage (un- 
less otherwise stated) of standing on tables at the windows of a large upper 
room having a south-east aspect, so that they obtained the full benefit of 
the morning and noonday sun. The apartment was never artificially heated, 
but ie the winter time it must have been a few degrees higher in temperature 
than the external atmosphere. 

The coloured bell-glasses described in the previous Report were made use 
of. I am now able to give a more accurate description of what solar rays 
were actually transmitted by them. The effects of the different glasses on 
the prismatic spectrum were as follows :— 

Colourless glass. No perceptible difference from the normal spectrum. 

Yellow glass. The red rays were cut off, but the line C was just visible 
in the orange-coloured region. The yellow and green portions of the spec- 
trum were quite natural, except perhaps that they were rather more uniform 
in colour than usual; the blue was rather bright above the double line F, but 
there was very little illumination in the portion more refracted, and the violet 
rays were quite unseen. The lines D, E, 5, and F were very visible. 

Red glass. The spectrum consisted of two luminous spaces, separated by 
& broad band of perfect darkness. ‘The one was of a red and orange colour, 
commencing between B and C, and apparently cut off by the dark line D. 
The other was faintly illuminated with an olive-green tint, commencing about 
the most intensely yellow part of the ordinary spectrum, and continuing to 
about 5 (which was barely visible), and then passing into a lilac hue, which 
gradually faded off, til] it became imperceptible perhaps a little below the 
ines F. 

Blue glass. The spectrum had a very singular appearance, consisting of 
several distinct luminous bands. First there was a reddish band of con- 
siderable brilliancy, occupying a space beyond that of the least refrangible 
portion of the visible spectrum. This was separated by a dark space from a 
very narrow but bright band somewhere near the line B. Its colour was 
very different from any of those of the normal spectrum, but perbape it 
approached nearest to the orange. Then, after another dark space, came a 
bright yellow band of greater width, just above the line D, which, however, 
was not itself perceptible. The whole yellow portion of the spectrum was 
cut off, and there was no illumination till about midway between E and 8, 
where a bright green suddenly appeared. This passed into a pale green, 
where there was very little illumination, but not perfect darkness, till at 
atout F an intense blue appeared, continuing through the region of the violet, 
to the end of the most refrangible portion of the spectrum. The lines 38, 
F, and G were very distinct, as well as some about d@ and H. 

This analysis of the light transmitted by the various glasses, confirms the 
description previously given of their character, namely, that “ The blue glass 
cuts off by far the greater portion of the luminous rays, but admits the 
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chemical rays freely ; it may also be considered as interfering much with the 
transmission of heat. The red glass, on the contrary, freely admits the calo- 
rific influence, but stops the chemical, whilst, like the blue, it diminishes 
greatly the luminous. The yellow again scarcely decreases the illuminating 
power of light, but almost destroys its chemical action.” 

The series of experiments on hyacinths, which was described in the last 
Report, was repeated with additional attention to the effects of partial or 
complete darkness. The large colourless, blue, red, and yellow bell-glasses 
were employed, together with a partially obscured colourless shade, and a 
partially obscured yellow shade; and another experiment was instituted 
under a glass shade placed in a Jarge box, so that the light was completely 
excluded, except when for a few moments the lid might be removed for the 
purpose of observing the progress of the experiment. As in the preceding 
experiment, the bulbs were all of the same descriptior, ofa healthy appearance, 
and of about the same size. After being weighed, they were placed as before 
on the top of colourless glasses, filled with pure water, and covered with the 
large bell-jars. In this case the jars were themselves placed upon the per- 
forated boards, with the arrangement of tarlatane, &c., mentioned in the 
previous paper. The experiments were commenced on December 10th; 
each of them was successful; the results accorded in some points with those 
of the former occasion, but in other respects there was considerable dis- 
crepancy. The experiments made in partial or complete obscurity were per- 
haps the most instructive. / 

Rootlets began to appear immediately under the dark shade, and on De- 
cember 26th, that is, after sixteen days, they were found to be 14 inch in 
length. They grew rapidly, and were very numerous. They were thin and 
long, and appeared to have little strength. Under the obscured colourless 
and obscured yellow glasses, the rootlets also began to grow quickly, be- 
coming three-quarters of an inch long in a fortnight’s time; while under the 
blue and colourless glass exposed to the full power of the light, the rootlets 
did not so quickly attain any length, and in the same space of time there 
was scarcely anything observable under the red or yellow glass. The roots 
continued to grow under the obscured glasses until the beginning of Fe- 
bruary, but they arrived more rapidly at maturity under the influence of the 
white and blue light. Under the red shade the roots never attained any con- 
siderable length, but they were stout and strong. Under the yellow shade there 
was scarcely any growth below the bulb until near the end of January, when 
a few long straggling roots made their appearance. This is very accordant 
with the effect that was observed during the previous season to be produced 
by the coloured glasses. This shows that the development of the root takes 
place most rapidly in the absence of all solar radiations ; that partial obscurity 
is also favourable ; that the less refrangible rays of the spectrum had especial 
power to retard their growth, and that the luminous and oalorific rays had 
peculiar actions of their own. 

As to the leaves, little appearance of growth was observable in any of the 
hyacinths till December 26th, when those under the colourless and blue 
glasses began to shoot; that under the red glass followed very soon, while 
those under the yellow and the partially and wholly obscured glasses gave 
no siga for about three weeks longer. The leaves grew most rapidly in the 
blue light. The following comparisons of the length of the leaves under the 
various luminous influences may be interesting. They were taken on the 
18th and 21st of February, when all the plants were in vigorous growth, but 
not one of them had flowered, and on March 22nd, when the plants had 
attained their full maturity. 
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February 13. | February 21, |. March 22. 


The flower-stalk very nearly kept pace with the leaves. There was a 
greater difference in the periods at which the petals opened than in the 
former series of experiments; those under the blue and colourless glasses 
took the lead, and those under the partially obscured glasses were the last. 
They opened for the most part during the last days of February. Under the 
red shade two flowers grew, but they were thin and straggling: the same 
was the character of the plant that grew in the dark. There were two flower- 
stalks under the partially obscured colourless glass; they were never deve- 
loped, however, but were found at the end of March losing their colour and 
becoming rotten. The experiments were terminated on March 22nd, except- 
ing the two under the partially obscured glasses, which were allowed to con- 
tinue till the 830th. The respective lengths of the flower-stalks were then,— 


Under the colourless glass.............-.008.. 13 inches. 
” blue po cece eee eee wee. 18 ” 
29 red 99 seas rervevecse a ee oe 12°5 9 
” yellow rs © ” 
” obscured colourless glasa .......... 4 ” 
. » obscured yellow yt ee eeeeee LO ” 
99 dark 99 te meee » 43 ” 


The hyacinths having been removed from the water in which their roots 
had been immersed, were suffered to dry in the open air of the room for 
twenty-four hours, and were then weighied. 


Primary weight; Fully deve- Actual 
of bulb. loped plant. increase. 
Under the colourless glass ..... baceees 1494 gra. 558 

» blue 5 1) ta eeeeeeneee 1472 ah 610 ae 

” red 99 enecceeevoes 1438 C=, 582 ,, 

” yellow 99 bee teeeeceee 1406 __s,, 398 _,, 

” obecured colourless glass 1591 ,, 718 

” obscured yellow » 1556 ,, 684 _ ,, 

9 Gark glass ......scesessevees 1205 _,, 442 ,, 


If, instead of observing the actual increase of weight, we compare the ori- 
ginal weight of the bulb with that of the fully developed plant, we obtain the 
ollowing proportions :— 


Under the colourless glass as.............. 1000 : 1596. 
” blue 9 eee ee eee 1000 : 1708. 
» red tw ce cw cee ce ees 1000 : 1680. 
9 yellow 99 ee we wee e ee eees 1000 : 1395. . 
» obecured colourless glass as...... 1000 : 1822. 
» obscured yellow 99 eee ae 1000 : 1784. 
9 dark Wee 1000 ; 1579. 
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This increase in weight in the growing hyacinth is due to the fixation of 
water, and not to the decomposition of carbonic acid in the atmosphere ; at 
least a emaller bulb which was placed under a colourless shade, and cut off 
from the external atmosphere by the edges of the glass dipping into water, 
grew and flowered perfectly well; and when removed from the shade on 
March 22nd, and dried as the others were, it gave the following weight :-— 


Primary weight of bulb. Fully developed plant. Actual increase. 
625 grs. 1167 gra. 542 gre. 
or as 1000 : 1867,— 


a larger proportional increase of weight than in any of the other experi- 
ments, the actual increase being about the same as that of the other plant 
which grew under the colourless glass. 

The leaves that grew in the dark were perfectly etiolated, excepting just at 
the tips, where they showed the normal green colour gradually shading off as 
it descended. The leaves that appeared in the experiments with the obscured 
glasses, were somewhat lighter in tint than those growing where the direct 
radiance of the sun could find access, The character of the light, under 
which the flowers were grown, did not affect their colour at all in the way 
that might have been expected. They were all, as on the former occasion, 
of an equally deep purple; even that which grew in complete darkness ex- 
hibited the same depth of colour in all the petals, excepting a few of the 
lower ones. The purple flower under the colourless glass when fading turned 
to red; and this was also the case under the blue and yellow glasses; but 
the flower under the red glass showed no trace of red colour, even when it 
had quite shrivelled up, nor was there any such change in the intense purple 
that appeared where light was excluded. 

In such experiments as those just detailed, it is difficult to separate what 
might be the effect of adventitious circumstances from the genuine effect of 
the diversity of light. However, we may safely remark in the experiment 
which was conducted in perfect obscurity—the rapid and abundant growth 
of thin rootlets, the general healthiness of the plant, the non-formation of 
chlorophyll, but the production of the colouring matter of the flower, not 
altered in its subsequent fading. The two experiments performed in partial 
obscurity appeared as closely alike as possible, until the last week, when one 
of the plants died. The fact that the chemical rays were cut off from one 
of them, made no apparent difference. Their backwardness, as compared 
with the other flowers, was probably owing to their having been placed in a 
position which was somewhat colder than that of those which received the 
full light of the sun. The effects of obscurity were observable in them in a 
modified manner, and they both absorbed much more water than the other 
plants did. The effect of the red glass in interfering with the length of the 
roots, and in producing a badly developed plant, was observed both in this 
and in the former series of experiments. Its power of preventing the redden- 
ing of the faded flower is remarkable. The effect of the yellow glase in 
causing the rootlets to be few and straggling, and in diminishing the 
absorption of water, was also noticed in both instances. The blue glass 
appeared to favour the development of the hyacinth. 

That the green colouring matter of leaves requires the action of light for 
its production, has long been universally admitted, and Dr. Daubeny has 
shown that it depends on the luminous ray. From analogy, and from a few 
observations by Davy, Senebier, and others, the same has been assumed to 
hold good in respect to the colours of flowers, but the purple hyacinth bears 
other witness, and should induce us to doubt this too hasty conclusion. 

A number of experiments on germination were made during the spring. 


—__ a 
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The seeds experimented on were those of the wheat and the pea; and in 
every case both were employed, in order that if there should be a different 
effect of light on the monocotyledonous and dicotyledonous plants, it might 
be seen. Seeds of familiar plants and of great commercial importance were 
chosen, as it was supposed a greater degree of interest would naturally attach 
to experiments on them, and it might happen that some observations of value 
to the agriculturist might be made. 

The first series of experiments was made in common air, under the seven 
various influences of coloured light and obscurity which have been described 
in treating of the hyacinths. The coloured shades were arranged before the 
windows, as described above, and they dipped into plates of water, so that 
throughout the experiments they were filled with an unchanged atmosphere, 
saturated with moisture. Twelve grains of wheat and twelve peas were 
taken for each separate experiment, and their weight was noted while they 
were still dry. They were placed on bricks within the glass shades, the 
bricks standing in the water, so that they were always damp. Another 
arrangement was made, similar to that just described in every particular, ex- 
cept that the seeds were in the open air of the room, without any cover. 

The experiments were commenced on April 2lst. The following is a 
table of the weather, and of the temperature taken in the shade at mid- 
day during the time that the various experiments with peas and wheat con- 
tinued :— 


fine 
cloudy and wet 
fi 


We shall first consider the growth of the wheat; afterwards that of the 
peas; and then compare the two. 

On April 26th the corn-seeds were found just beginning to burst under 
all the seven glasses, those under the obscured yellow being the most ad- 
vanced. Further growth was visible the following day under that glass, and 
also under the obscured colourless, and the yellow, though the plume did 
not appear in any case till the 29th. On May Ist the radicles under the 
colourless and blue glasses were of considerable length, but those under the 
obscured colourless and the red were longer, while the longest were under 
the yellow glass. On April 29th plumes appeared under the red and 
obscured colourless glasses, and jn the dark. They appeared two days later 
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under the colourless and the blue, while the seeds under the obscured yellow 
had an unhealthy look. On the 4th of May long etiolated leaflets were found 
in the dark ; under both obscured glasses the wheat had also shot up long 
leaves; under the red and yellow glasses there were plumes of 1 or 2 
inches in length; while under the colourless and blue they only reached 
half an inch. The wheat-plants under the colourless glass then began to 
grow more rapidly, and soon gained the advantage of those under the blue, 
and still more of those under the red. On the 8th they measured 3 inches, 
while those that had grown in the dark measured 6.. 

On the 12th the wheat-plants were more fully examined, and drawings of 
them were made. It was then found that under the colourless glass ten of 
the twelve seeds had grown. They presented very uniformly the appearance 
given in Plate IV. fig. 1,—leaves erect, of a full green colour, from 4 to 5 
inches ia height, roots long and thin, five in number, taking firm hold of the 
brick. They had no side rootlets, but were fringed with hairs. Under the 
blue glass, the wheat appeared like that under the colourless, but smaller. 
Under the red, only four plants grew like fig. 1, and they were not so regular 
in form, size, or general aspect as those under the colourless glass. Four 
others had grown somewhat like fig. 2, where there was this peculiarity,— 
the green stalk had been unable to burst the transparent membranous sheath, 
and had forced itself out in a kind of loop, at that part where the sheath 
sprung out of the seed. The roots were generally flaccid. Under the yellow 
glass, the radicles were so strong, and bent so decidedly downwards, that they 
raised the seed completely on end: they were thickly covered with hairs. 
The stalks were short and strong, and generally bent in the manner repre- 
sented in fig. 3. Under the obscured colourless glass only seven seeds had 
germinated: they were all like fig. 4. The leaves were of a pale green 
colour, and had not succeeded in bursting the membranous sheath ; the roots 
were very long. Under the obscured yellow glass, the plants were of a 
greener colour than the preceding; six of them were like fig. 3, excepting 
that the leaves were very much taller, perhaps 7 inches high. In the dark 
all the plants were weak, and of a very pale green colour, almost yellow; 
the radfcles had many rootlets branching out from them; four were like 
fig. 5; two others were smaller and had second leaves, while other two were 
very short in the leaves. 

After this, the plants under the colourless glass continued to grow 
healthily: the hairs along the roots became very long and thick, and on the 
22nd of May, ramifications of the rootlets began to appear. The plants under 
the blue did not continue so healthy, nor did those under the red. Under 
the yellow glass, both the upper plant and the roots continued to grow. 
Under the obscured yellow glass and in the dark, the plants also continued 
growing. On the 26th, a more full examination and fresh drawings were 
made. Under the colourless glass there were ten wheat plants like fig. 6, 
generally 8 or 10 inches in height. Under the blue glass there were 
several very thin weak plants, only about 2 inches high. Under the red, 
the utmost development was to the extent of fig. 7, in the case of three 
plants. The rest that were growing had not succeeded in breaking the 
membranous sheath, but were contorted in their efforts to escape. Under 
the yellow, three plants had grown like those under the colourless glass; 
three others were not so fully developed, while the remaining four had not 
germinated. Under the obscured colourless glass, the wheat had not grown 
since May 12th. Under the obscured yellow, I found six plants like fig. 8. 
In the dark, the plants had grown much as under the obscured yellow glass, 
but they were still longer, weaker, and paler in colour. 
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On June 5th, the experiments were stopped. The plants under the colour- 
less glass were healthy in every respect, and were of a better green than any 
of the others. Under the red glass, one of the plants was found to have 
shot up several small leaflets outside the transparent sheath, which it had 
been unable to pierce. 

The following table shows the number of seeds of wheat which had put 
forth roots, and the average length of the principal roots; and also the 
nuinber of secds from which plants had grown, together with the average 
length of the principal leaves. 


Roots, | Leaves. 
No. of plants.| Length. No. of plants.; Length. 
Colourless ......+. descccceesees 10 2°5 inches 10 10 inches 
Blue ..c.sccccccscece TTT 6 075 4. 6 4 » 
Red COCaveverereeees oe vesersscece 8 3°5 9 4 4 iT) 
Yellow ........ccccncecccceeees 7 2 ” 6 9 9” 
Obscured colourless ......... 6 35 SC, 3 2 yy 
Obseured yellow ............ { 6 0-75 " } 7 8 » 
2 25 
Dark 200 Covecees Cecevreconccee tee 3 6 13 ” 


The plants were removed from the bricks, spread out on the table, and 
allowed to dry in the air for eighteen hours. The following table shows the 
weight of those which had grown under each of the various conditions of 
light. The original weight of the twelve corn-seeds was in each instance 
8 grains, giving as the average weight of each seed 0°66 gr. 


BOSOe CoeeronesetSSosereseres 


Obscored colourless ......... 
Obscnred yellow ...... co vees 


The inerease in weight of the plants which had grown under the colour- 
less, the dark, and the yellow glasses, was due, of course, to the fixation of 
water, for there was no supply of carbonic acid from the air, and the quantity 
of substance which the roots could absorb from the bricks must have been 
very trifling. 

The comparative experiment in which the seeds were exposed to the open 
air of the room did not come to anything. Not one of the seeds succeeded 
even in bursting the tunic, doubtless because the dry atmosphere prevented 
their ever retaining sufficient moisture. 

The presence of soil about the germinating seeds, or a constant change of 
air, would probably have modified these results ; yet the conditions observed 
in this series of experiments were thought necessary, in order to have the 
full effect of the different sorts of light about the seeds themselves, for a soil 
necessarily produces partial, if not total obscurity. The deprivation of other 
sources of carbon, beyond the cotyledons of the seed itself, also answered 
certain purposes. On examining the results, the following conclusions may 
be drawn, as far as wheat is concerned growing under the conditions of the 
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experiment. The absence of the chemical rays favours the first growth of 
rootlets, and the presence of the luminous rays does not impede it. After- 
wards the opposite effect takes place ; the roots are stopped in their develop- 
ment by the yellow ray much more than by all the rays of the spectrum in 
combination. The red or calorific ray is on the whole the most favourable 
to the growth of the roots, even more so than the complete absence of all 
solar radiations. ‘The shooting forth of the plume is also favoured by the 
withdrawal of the chemical rays, especially just at first; but the full and 
healthy development of leaves requires all the rays of the spectrum, the 
luminous being particularly necessary. Several other peculiarities may be 
noted ; for instance, the downward tendency of the roots under the pure 
luminous influence; the comparatively greater development and strength of 
the membranous sheath under the calorific agency ; and the late but abundant 
growth of side-rootlets, where all the solar radiations were admitted. 

The results of the experiments on wheat recorded in the previous Report, 
where there was the presence of soil and change of air, appear to indicate 
still more clearly the beneficial character of the luminous emanations, for 
the plants under the yellow shade were found even to excel those which had 
grown in white light, while, asin the experiment just detailed, the cutting off 
of the luminous ray by the deep blue glass militated greatly against the 
health of the plants. The protection of the rootlets from the yellow ray 
may be fairly considered an advantage, but a proper series of experiments 
on wheat-seeds surrounded by earth is still a desideratum. 

We have now to consider the growth of the peas under the different solar 
influences. It has been already stated that twelve peas soaked in water were 
placed on the bricks along with the wheat seeds, on April 21st. On the 
24th they were found to be swollen and beginning to burst. The seeds under 
the yellow, obscured yellow, and obscured colourless glasses, were the more 
rapid in their first development. On the 29th, the plumes began to appear 
under the obscured colourless, yellow, and red shades, and two days after- 
wards under the blue and colourless. The plants under the obscured yellow 
glass appeared very unhealthy. The radicles grew astonishingly under the 
yellow glass, and became very long under the red and obscured colourless. 
On May 8th, the plants in complete or partial obscurity were found to be several 
inches high; under the red, 2 inches; under the yellow, not quite so much; 
while even on the 11th, the plants under the blue had only just developed 
themselves, and under the colourless glass only one seed had put forth a stalk, 
and that was but half an inch in length. 

On the 12th they were more fully examined, and drawings were made. 
Under the colourless glass, the peas resembled fig. 1, Plate V. the plume only 
in the first stage of development, the principal root short and thick, with 
short and thick secondary rootlets, all fringed with hairs. Under the blue, 
the peas were in a somewhat more advanced stage, like fig. 2. Under the 
red, ten plants had grown somewhat like fig. 3,—roots straggling, stalk 
bending towards the light, with many leaflets of a deep green colour. The 
plants under the yellow glass were characterized by enormous roots, as 
shown in fig. 4, which turned away from the light in a very marked way. 
Nine of those under the obscured colourless had the appearance presented 
‘by fig. 5,—long roots, long succulent weak stalks, ‘and pale green leaflets. 
Under the obscured yellow, the plants appeared for the most part like fig. 4, 
but with smaller roots, though two of them, which were nearest the light, 
had grown with a stalk like that represented in fig. 5. In the dark, six of 
the peas had grown Jjike fig. 6,—roots irregular, having few side-rootlets, 
stalks succulent, but tolerably erect, bearing yellow leaflets. The plants in 
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the red light continued to grow healthily, some being 6 inches high on the 
15th ; under the yellow and obscured yellow, they also grew healthily ; under 
the obscured colourless, the stalks were found on the 22nd no longer capable 
of supporting themselves. The stalks in the dark were at the same time 
erect, and 10 inches in length. On the 26th, the seeds under the colourless 
glass were found to have made scarcely any advance since the 12th. Under 
the blue, one had grown tall and healthy, but the rest were very small. Under 
the red, the plants were growing healthily as on the 12th, but some of them 
had attained the height of 9 inches, and bore three or four secondary 
branches. Those under the yellow had grown, but did not appear healthy. 
Under the obscured colourless glass, the plants had grown since the 12th 
about as much as might have been expected from the time, but they were very 
weak. Under the obscured yellow glass there were two very similar to, and 
nearly as large as, those under the obscured colourless. Six others were of 
the same character, but much smaller; the roots were very short. The plants 
in the dark had also grown since the 12th. 

On June 5th the experiments were discontinued. The longest pea-plant 
under the colourless glass was then only 1°75 inch in length ; the secondary 
rootlets were remarkably short and thick. The plants under the blue ap- 
peared the most healthy; those under the yellow, whether in full light or 
obscured, showed considerable inclination to send out lateral branches. The 
stems of the plants in the dark were white, the leaflets were canary-yellow ; 
those which had grown in partial obscurity were also much etiolated. One 
of the peas under the obscured yellow had produced .a triple stem, and so 
had one of those under the obscured colourless glass, as drawn in fig. 7. 

The average length of the roots and stalks of those peas which had germi- 
nated under the different solar influences is given in the annexed table :— 


Obscured colourless 
Obscared yellow 
Dark 


G2 = BD Gh me 09 CH ED 
HR BNR 


The plants were removed from the bricks and allowed to dry in the air 
for eighteen hours. The following table shows the increase of weight which 
had taken place in them during their growth :—- 


Average | Average in- 
which had | Weight. | weights of| crease of 
germinated. h. joriginalweight. 


Red eo 

Yellow 

Obscured colourless 
Obecured 

Dark 
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It being thought that the disproportionate weight of the plants which had 
grown in the dark might be partially owing to their not having become 
thoroughly air-dried in eighteen hours, on account of their succulent cha- 
racter, they were exposed in the same maoner for forty-eight hours. Their 
weight was then reduced to 66 grains, whilst those grown under the obscured 
colourless (succulent as they were) lost in the same time only 14 grains; 
and those under the obscured yellow appeared rather to have gained weight. 

The increase in weight in these instances must be attributed, as in the case 
of the wheat, to the absorption of water, and it seems to be in almost reverse 
ratio to the healthiness of the plant; for those under the red, which had the 
best appearance at first, showed by far the smallest increase in weight; and 
those under the blue, which were afterwards better looking, had not increased 

atly. 
as The comparative experiment made without any glass shade, one pea 
began to germinate on May 23rd ; this was shortly followed by two others, but 
only one of the three grew to any size. When measured on June 6th, its 
root was found to be only 0°75 inch long; its stalk had attained a length of 
4°5 inches; its leaflets were deep green, appearing as healthy as, if not 
healthier than, any under the glass shades, and when removed from all 
moisture for eighteen hours, it weighed 5°5 grains, showing an increase of 
2-7 grains on its original weight. 

On examining these results we are led to draw the following conclusions, 


_ as far as peas are concerned, growing under the conditions of the experi- 


ment. The cutting off of the chemical rays favours the first germination of 
the seed, and this appears to be the principal, if not the only advantage 
of the darkness obtained by burying the seeds in the soil. The development 
of rvots also requires the absence of the chemical ray, yet it does not go on 
to the greatest extent when all the solar influences are excluded, but is 
favoured rather than otherwise by heat and luminosity. The first develop- 
ment of the plume also proceeds best under the same circumstances ; yet 
these are not the conditions which produce a healthy plant: if all the solar 
radiations be withdrawn, whether entirely or only to a great extent, the 
plants absorb much water and grow very tall, without developing secondary 
branches or many leaves. The whole force of these radiations, on the con- 
trary, prevents or greatly impedes the growth of these plants under the cir 
cumstances of the experiment. As peas grow commonly in the full sun- 
shine, it would be interesting to observe whether the negative result obtained 
arose from the absence of soil about the roots, from excessive moisture, or 
from some other cause. The experiment, however, affords us no data for 
determining this question. The chemical force is the most antagonistic to 
the growth of the pea, and luminosity also militates against it: the heating 
rays are favourable ; but Jet the plant be fairly established, and those radia- 
tions which are comparatively speaking devoid of light, but replete with 
chemical power, are the most suited to the production of a healthy growth. 
The influences which facilitate rapid growth are diametrically opposed to 
healthy development. It should be borne in mind, however, that these ob- 
servations relate only to a very early stage of the plant, and teach us nothing 
respecting the full-grown pea, or the evolution of the flower or fructification. 

If we compare the effect of the various solar radiations upon the germina- 
tion of wheat with the effect produced upon that of peas, we are struck with 
the great diversity between them. This was particularly apparent during 
the progress of the experiment. The colourless and the red glasses happened 
to stand side by side on the table, and it was curious to notice under the 
former glass a tall and vigorous crop of corn-plants with a mere matting of 
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stunted roots from the peas, while under the other a thick crop of green 
spreading plants aruse from the germinating peas, but the wheat-plants were 
few, straggling, and unhealthy in appearance. When, however, we come to 
look more closely into the phenomena, we see certain points of resemblance. 
In both cases the cutting off of the chemical ray facilitates in a marked 
manner the process of germination, and that both in reference to the protru- 
sion of the radicles and the evolution of the plume. The unnaturally tall 
growth of the stem, and the poor development of leaves in darkness, more or 
less complete, is also common to both these specimens of the monocotyle- 
donous und dicotyledonous plant. In both cases too, the yellow ray exerted 
a repellent influence upon the roots, giving the wheat a downward and the 
pea roots a lateral impulse. 

The object of employing a partially obscured yellow glass in these experi- 
ments, was to decide if possible the question which has been asked, Does yellow 
light stop germination by some specific action or merely by the excess of light ? 
Contrary to the experience of some others, who, I believe, have experimented 
on seeds covered with soil, and on other plants than those employed by me, 
the yellow light did not interfere at all with germination, in the experiments 
just described. In the case of both plants, indeed, it decidedly facilitated the 
early development of both the root and the plume. That the yellow ray, 
however, has a apecific action of its own, is proved by the most cursory 
glance at the facts already recorded; the yellow and the obscured yellow 
give quite differcnt results from those of any of the other glasses. 

The diversity between the effect of the same qualities of light upon the 
growth of the wheat and the pea leads us to suspect at once any generalisa- 
tions affecting other plants which may be drawn from the observed influence 
of light upon one particular plant, especially, of course, when they are of 
different orders. This will account for some of the diversity of statement 
made by previous experimenters in these fields. 

The subject may be, however, further elucidated by referring to some of 
these. Dr. Draper, in his elaborate investigation of the forces which exert a 
controling influence on the growth of plants, records a series of experiments 
on peas. He placed them just after they had begun to grow in blue, red, 
and yellow light, and also in the dark, and in the open air. His observations 
were confined to the third and fourteenth days. At the former period he 
found that under the red the plant had attained 4°5 times its original size, 
and had produced double the number of leaves; under the blue, three times 
its original height, with also double the number of leaves. In the dark 
there was about the same increase of altitude, while in the open air only 
twice the original height had been attained, and there were no fresh leaves ; 
and under the yellow light, a still smaller advance had been made. On the 
fourteenth day he found all his pea-plants green, though varying a little in 
the character of the colour, except those which had been placed in the dark, 
which were of a pale whitish yellow, the plants vigorous, thirteen times 
their original height, but with no fresh leaves. On the whole, then, as far 
as Dr. Draper’s experiment goes, it is in accordance with my results. 

M. Senebier describes an experiment performed by him on lettuce-seeds 
sown in little cups and placed respectively in the open air in full light of day, 
in darkness, and under glass vessels filled with colourless, yellow, red, and 
violet fluids. “Observing then the effects produced by the different por- 
tions of light which were thus permitted tv act, he found that the plants illu- 
winated by the yellow rays grew most rapidly in height; next, those in the 
violet rays; afterwards those in the red rays. The plants which grew in 
light transmitted through water were still smaller and approached in size to 
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those which flourished in the open air, while those in perfect darkness attained 
the greatest height of all. These last plants perished on the eighth day, and 
those in the yellow light on the ninth day, while all the others continued to 
vegetate. At the end of about five weeks, the plunts growing under the red 
vessel were 4 inches and 9 lines in height; under the violet vessel $ inches 
and 3 lines; under the water vessel 2 inches and 10 lines, and 1 inch and $ lines 
in the open air. With respect to the general appearance of the plants, the 
leaves of those which grew in red light were smaller and less smooth than 
those uf the plants in violet light, or than the leaves of the plants confioed 
under water, or than the leaves of those which grew in the open air. As 
to colour, the leaves exposed to yellow light were at first green and after- 
wards became yellow; those in red light appeared green and preserved a 
tinge of that colour; those in violet light were quite green and their colour 
augmented with their age; while those raised in obscurity possessed no 
verdure at all.” These experiments were repeated on French beans with 
nearly similar results, but beyond the observation that “in proportion as the 
plants grew. in height, in different kinds of light, the number and size of their 
leaves diminished,” his attention appears to have been directed only to the 
question of colour*. 

Besides the experiments already detailed in this Report, and those on wheat 
and Malope trifida described in my former one, I have a few other observa- 
tions on the effect of various qualities of light on the growth of plants from 
the seed, which it may be worth while briefly to record. They were made 
on the Collinsia bicolor of the florists, and Mignonetie. 

Seeds of the Collinsia were sown in garden mould in glasses, and placed 
under the colourless, blue, yellow, red, and darkened shades, on a table be- 
fore a window which had a N.W. aspect. The perforated boards were used 
for supporting the glass covers. The experiment was commenced on the 
6th of July in last year. On the 9th it was found that germination had taken 
place under each glass except the yellow, where no plant grew until the 14th. 
Under the colourless glass, the plants grew.and flourished till the beginning 
of August, when they all faded and died. Under the blue and red glasses 
they grew well for awhile, but began to droop by the 26th of July. Those 
under the darkened glass existed rather longer, but they were tall and scraggy, 
and the leaves did not fairly open. Only three plants germinated under the 
yellow shade ; they were all unhealthy and died before the 26th. On August 
4th, seeds were sown afresh under each glass. Much the same order of 
growth was observed. 

On October 12th, a hundred seeds of Mignonette were sown in each of 
seven glasses filled with garden mould. ‘They were placed about a third of 
an inch below the surface. Six of the glasses were covered respectively 
witb the colourless, blue, red, yellow, obscured colourless, and obscured 
yellow shades, and the seventh was placed in a dark closet. It should be 
observed that the closet was rather warmer than the room. The Migno- 
nette seeds began first to germinate in the dark, then under the blue; then, 
after the lapse of a few days, they appeared under the red, and colourless, 
and the obscured colourless glasses. The yellow ray long retarded, and very 
nearly prevented their germipation. Those in the dark were tall, thin, and 
yellow ; they all died about November Ist; the others soon followed, except- 
ing one plant under the colourless glass, which was found still alive with four 
green leaves on December 10th. 

The investigations of many experimenters have shown that oxygen is 


* From Ellis’s “ Farther Inquiries,” &c. 
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necessary in the germination of seeds. The explanation given is that that 
element is required for instituting the action that converts the fecula of the 
cotyledon into sugar. It is unquestionable, that in the majority of cases, 
plants after the first stage of their growth require a certain supply of car- 
bonic acid, by the decomposition of which they obtain carbon, setting free 
oxygen. My brother and I bave shown that plants will exist well for a con- 
siderable time in an atmosphere devoid of oxygen, for instance in nitrogen, 
hydrogen, coal-gas, or carbonic oxide. In order to see the effects of all 
these atmospheric conditions on the germination of wheat and peas, the 
following experiments were made during the latter part of May and the be- 
ginning of June. 

Six wheat-seeds and six peas were placed on folds of linen floating on 
mercury, and covered with a colourless glass jar having a capacity of about 
20 cubic inches. The linen preserved the seeds from the mercury, and 
was kept wet by the introduction of a small quantity of water. The jar was 
full of atmospheric air, and was placed on the table before the window having 
a S.E. aspect. After a couple of days or so the peas germinated, and shortly 
afterwards the wheat. They grew for about a week, and retained a healtby 
appearance much longer. The experiment was twice performed with similar 
results, and showed that the arrangement was applicable to the proposed 
experiments. 

A precisely similar arrangement was made in a jar containing 29 cubic 
inches of hydrogen gas, and having in it a tube containing pyrogallate of 
potash, so as to absorb any trace of oxygen which might be accidentally 
present in the gas, or might be evolved from the seeds themselves. In four 
days the swollen peas had begun to burst. They put forth short radicles, 
but no plume, and in about a week afterwards they were all decaying. The 
wheat showed no appearance whatever of germination. This experiment was 
twice performed with the same result. 

Avother such arrangement was made in a jar filled with carbonic acid. 
Not the slightest appearance was indicated by either the wheat or the peas. 
They decayed, becoming soft and swollen, and emitted a most offensive smell 
on the removal of the jar. 

The same was done in a jar filled with common air, and containing a solu- 
tion of caustic potash in a small capsule, so as to remove any carbonic acid 
which might be given off by the seeds. In about three days both the wheat 
and the peas had begun to burst; four out of the six of each continued to 
grow for about six days, and remained healthy afterwards. The removal of 
the carbonic acid, then, did not affect the germination. I subsequently found 
that in this experiment I had almost exactly repeated one of Mr. Ellis in his 
‘Inquiry into the changes produced on atmospheric air by the germination 
of seeds,’ &c. He employed peas, and satisfied himself that all the oxygen 
in the jar had been absorbed by the germinating plants. 

The effect of oxygen on the germination of wheat and peas under the in- 
fluence of the different solar radiations was also tried. The small coloured 
glasses, having a capacity of 172 to 177 cubic inches, were employed, and the 
experiments were conducted like those under the coloured shades which have 
been already detailed. The seeds were placed on the bricks on May 2nd. 
On the 8th, both the wheat and the peas had burst under the colourless glass, 
but they soon became mouldy, and before the end of the month they were 

quite dead. The seeds under the yellow glass ran much the same course ; 
but those under the blue glass, though they did not burst till the 11th, grew 
well, and by the 26th two of the wheat plants had attained a height of 4 or 
5 inehes The experiment was discontinued on June 5th. The plants 
4, C 
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were removed from the brick for desiccation, and on the following day the 
five of the wheat which had germinated were found to weigh 8 grains, 
giving an average of 1°6 grain for each, or an increase of 0-9 grain on the 
original weight. All-the six peas had germinated and weighed 26 grains, 
giving an average of 4°3 gre. for each, or an increase of 1% grain on the 
original weight. : 

Thus far I have proceeded in the investigation. Many interesting in- 
quiries naturally suggest themselves ; some have been already alluded to, for 
instance, the influence of light upan the colours of flowers; the araount of 
exclusion af light effected by the sail; the different condition of solar in- 
fluences required by wheat or by peas at later periods of their growth; and 
the extension of the observations to other seeds. Other questions might be 
raised, such as,— What character of light promotes best the abeorption of 
oxygen in germination? At what period in the growth of a plant does oxygen 
become unneceasary? Ia axygen requisite for the full development of a 
bulbaous-rooted plant? Does carbonic acid act specifically in the prevention 
of germination, or merely by the exclusion of oxygen? How far does the 
‘rapid development of a plant in an early stage interfere with ita healthy 
growth at a later period ? 


ort on Observations af Luminous Meteors, 1853-54. By the Rev. 
ADEN Powag.i, M.A,, V.P.R.S. &c., Savilian Professar of Geo- 
metry in the University of Oxford. 


I HAVE once more to lay before the Association a series of such observa- 
tions on luminous meteors during the past year, as the kindness of various 
friends, to whom I have been indebted on former occasions, has enabled me 
to collect, together with a few notices from other sources. I need hardly 

articularize the valuable assistance rendered by the Rev. J. B. Reade, V. 

asel, Esq., C. Bulard, Esq., and E. J. Lowe, Esq. ‘The beautiful projec- 
tions of the paths of many meteors by Mr. Fasel are remarkable for the 
clearness and accuracy of their execution. 

I deeply regret that the pressure of various avocations has still hindered 
me from prosecuting an attempt at classification of the large mass of mate- 
rials now accumulated in the catalogue of seven years; but I hope at no di- 
stant period to be able to effect something towards such a work; and am 
most anxious to secure the cooperation of the members of the Association 
and other friends to science in this work. 


Supplement to the Report of 1852-3. On the Auguat Meteors, 1833. 


Tn addition to the observations recorded in the last Report, by which the 
return of this periodical phenomenon seems to have been well shown in En- 
gland, the following details of continental observations are now given, of 
which the compiler was not in possession till too late to be inserted in the 
Report of last year. 


No, 1.— Poggendorff’s Annalen, 1853, No. 9, p. 192. 
Coulvier Gravier gives the hourly maximum of meteors from the 9th to the 
10th of August, for different years, as follows at Paris :— 


1837 59 1841 7 
1888 62 1842 74 
1839 65 1843 78 


1840 — 68 1844 80 
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1845 85 1850 88 
1846 92 1851 71 
1847 102 1852 60 
1848 118 1858 52 
1849 98 


Which is thus rapidly declining since 1848. 


No. 2.—M. George von Boguslawski. Poggendorff’s Annalen, 1858, No. 
10, p. $38, 


Maintains the continuance of the August meteor period in opposition to 
Coulvier Gravier who contends that that maximum has been decreasing since 
1848, and that in 1860 it will at the same rate cease to appear altogether. 
But his observations were always made at midnight, which M. Boguslawski 
observes cannot give a fair average. 

Again, these periodic a pearances are characterized by having a definite 
origin in the heavens. M. Heis has observed three such points; on Aug. 10, 
1852, he observed out of 32 meteors, 14 originated from Perseus, 8 from 
Draco, 6 from the North Pole, and 4 Sporadic. 

1858, Aug. 9.—From 10 p.m. to 2 A.M. though the sky was partly clouded 
yet 20 were seen, of which 12 originated in Perseus. The phenomenon was 
seen at Aachen (Aix), Ghent, Munster, Bonn, Brussels, Oxford, Newhaven, 
U.S., and many other places. 

There is no particular hour at which the maximum takes place. In 1837 
Aug. 10, the hour of maximum was different at different places, the sk 
being perfectly clear both in Europe and in the United States. At Paris 
it took place from 11 to 12; at Breslau from 1 to 2 a.m.; at Mailand from 
2 to 3. 

In 1888, Aug. 9 and 10, in the United States from 8 to 4 A.M. 

at Breslau from 1 to 2. 

1889, Aug. 10) 2+ Frankfort from 12 to 1. 
1841, Aug. 10, Aix 9 to 10. 
1842, Aug. 9, Aix 10 to 11. 

% » 10, 5 IL to12. 

) 93 1], »” 12 to 1. 
1844, Aug. 10, 5, 10 to 11. 
1847, Aug. 11, , 12 tol. 

Boguslawski also denies Coulvier Gravier’s assertion that from July 26 tq’ 
August 1], the rise towards the maximum is continuous; as he shows even 
from Coulvier Gravier's own observations, that there is a marked interruptioa 
of continuity and sudden rise between the 8th and 9th of August. 

He contends that the maximum is very unequal in different years, owing 
to the varying jnfluences of unknown cosmical causes. 

He refers to Humboldt’s refutation of Coulvier Gravier’s views as to the 
failure of the November period in ‘Comptes Rendus,’ No. 29, p. 601. 

Ee also urges that the evidence for the August period rests on long-con- 
tinued historical evidence for ages past; it is, therefore, improbable it should 
now cease. 


No. 8.—-M. Quetelet on the August Meteors 1853. 
In the Bulletins of the Academy of Brussels (vol. xx. No.9) there occurs 
a valuable paper entitled :—‘ On the periodic falling stars of the 9th and 
1oth of August, 1858, by M. A. Quetelet,” of which the following is a trans- 
on:— | 
The periodic return of falling stara has been again verified this year. On 
. Z2c2 


s, 
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the evening of the 9th one of my assistants, M. Bouvy, counted by himself 57 
meteors between half-past nine and midnight, divided as follows :— 

From 9} to 10, 6 falling stars. 

From 10 to 11, 23 ditto. 

From 11 to 12, 28 ditto. 
The state of the sky was very favourable, excepting during the first half-bour, 
the moon being then still above the horizon; from 10 o'clock until midnight 
one single observer obtained on an average 25°5 falling stars an hour. 

On the evening of the 10th a larger number of persons joined in the ob- 
servations: two Egyptian Astronomers, M.M. Mahmoud and Ismail, joined 
me and my two assistants, MM. Bouvy and Grégoire ; the latter was almost 
exclusively occupied in transcribing the observations. Many falling stars 
were seen at once by several amongst us, because that part of the heavens 
which is visible from the Observatory terrace, only includes two-thirds of 
the sky ; the N.W. and N.E. regions are hidden by buildings, and one part 
of the E. by trees; so that two observers would fully suffice to note all the 
appearances. They occurred thus :— 

From 93 to 10, 34 falling stars. 
From 10 toll, 77 ditto. 
From 11 to 114, 18 ditto. 
From 11} to 12, 34 ditto. 

The sky continued perfectly clear the whole evening; but until 10 o'clock, 
the presence of the moon would necessarily diminish the number of the 
meteors. From 114 to 12 o'clock, there was but one observer; therefore, 
by doubling the number (34) counted by him, and only including the obser- 
vations made after the setting of the moon, we obtain a mean of 82°5 meteors 
an hour for two or more observers. . 

Just as in preceding years, it seems that the number of meteors decreases 
progressively from the 10th August, thus— 

The 6th, from 9°15 to 11°45, with a clear sky, M. Grégoire counted 15 
meteors, making 10 an hour, rather more than the ordinary average. 

The 8th, from 9 to 12 o'clock, M. Dutilleul counted $9, although the sky 
was generally cloudy, particularly from 9 to 10 o'clock: he observed on an 
average about one-third of the sky ; being 13 meteors an hour. 

The 9th, as seen above, produced 25°5 an hour; whilst on the 10th, one 
single observer would have been able to count about 41. 

The 11th, M. Dutilleul, observing alone from 9 o'clock till 12, with a clear 
sky, yet counted 55 meteors, making 18°3 an hour. ° 

The observations made on the 12th, from 93 to 103, did not enable 
M. Bouvy to count more than 15 in an hour, with a clear sky ; and the day 
after (13th), the number observed by M. Grégoire was under 8, the ordi- 
ary average. 

ow, if we group the falling stars according to their brighthess, we obtain 
the following numbers :— 


Aug. 9. | Aug. 10. 


5 52 =| of the Ist mag. and larger. 
16 24 | of the 2nd. 
10 83 _ of the 3rd. 
8 13 | of the 4th. 
18 16 of the 5th and smaller. 


0 25 undetermined. 


c 
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About one-third of them left trains, 22 on the evening of the 9th, and 119 
on that of the 10th August. Two meteors on the 9th deserve particularly 
to be mentioned; the first crossed Lyra from the N.E. to the S.W. at 
30® 46"; it shone like Jupiter, and left a superb train after it. The second, 
larger than a star of the first magnitude, appeared at 115 45™ 45* in Cassio- 
peia, going from N.N.E. to S.S.W.; it was remarkable for the bluish-green 
shade of its train, which lasted for some seconds. 

Two others were equally remarkable for their brilliancy on the evening of 
the 10th; one, with a reddish train, crossed Andromeda from the S.W. to 
the N.E., at 10° .57™; the other marked its passage across Aquila, from 
the N.E. to the S.W., at 115 50™ 30*, by a trace subtending an arc of more 
than 45°. 

If we study the general movements of the falling stars from the 8th to the 
12th August, we remark the same tendency as formerly to follow a uoiform 
direction from the N.E. to the S.W. Referring their trajectories to parallel 
lines passing through the zenith, we have as follows :— 


— a 


| | | 
ae Aug, | Aug. Aug. , Ang. | Ang. 
Directions. | 8. O° | 6 | ie ! i Total. 
20 | 16 1 | 46 
7 /....! 1 28 
53 | 8 5 | 94 
19 2 1 | 2 
18 7 1 | 31 
ae 2 
6 | 4 | | 
2 2 . 4 
6 1 | WU 
vee] 8 .| 2 
2. 7 1; 12 
1: 1 . 8 | 
3 2'° 1,0 
6 |... | lees | 8 | 
9 |.... 1 | 18 | 
cece | cece 1 | 5 | 
| 
163 | 40 13 | 323 


In short, if we prolong the paths of these falling stars beyond their point 
of departure, we count about two-thirds of these on the first evening, and 
three-fourths on the second, whose centre of emanation was from the neigh- 
bourhood of Cassiopeia. 

Observations made elsewhere confirm this remarkable appearance of fall- 
ing stars, on the 9th and 10th August of this year. 

The following accounts have been communicated to us from Ghent, Rome 
and New Haven :— 

Guent.— Letter from M. Duprez, of the 12h August, 1853 :—“ On the 
nights of the 9th and 10th Auguet, and in a completely clear part of the 
sky, comprised between the N.N.E. and the S.E., which might be about 
equal to one-sixth, I observed 29 meteors during the first evening, and 37 
during the second ; they were distributed as follows :— 
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Aug. 9th./Aug.10th. 
From 95 60™ to 10...........45 3 2 
From 10 to Ll cc see ce ee eee. 12 16 
From 11 to12 «4 .. ee eeceeees 14 20 


which gives, on an average, 18°3 meteors an hour on the 9th, and 17 on 
the 10th; larger numbers than 8, which, according to your estimate, may 
be regarded as the average for an ordinary night, with a single ob- 
server. 

Amongst the meteors observed on the Sth was one, the appearance of 
which was accompanied by circumstances which I think should be mentioned 
here. — “ 
‘‘This meteor appeared at 105 35™, near the head of the Great Bear; 
it presented the aspect of a globe of fire, left no train after it, and could, 
from its brilliancy and dimensions, be compared with Jupiter: besides this, it 
moved with considerable slowness. In the course of its continuation, the 
brightness diminished, until it disappeared for an instant, as if completely 
hidden by a species of whitish smoke, which proceeded from it at this 
moment; after which it reappeared with its primitive brilliancy. One 
would have said that the meteor in question was undergoing absolute con- 
bustion. 

“ The meteors observed took the following directions :— 


Aug. 9th. Aug. 10th. ° 


Oe 
From N. S...-..0.. 3 meteors. 
» NNE. —S8.W... vtecees [1 
9 N.E. — S.W. oe 9 99 4 
» «6B.N.E. = WLS.W. oo] we eee : 2 
” E. —_ W. evecte 3 ” 3 
” S.E. — N.W. ‘ 2 9 4 
, SSE. —NN.W 3, 4 ; 
MR Nell seeetee. 3 
” S.W. — N.E. ee 2 ” l 
OW. me Bec ceeee 2 " 1 
» W.N.W.— E.S.B. ....| ce ceeees ] 
" NW. —S.E.... 3, 2 
” WNW, — 8.8.8. . 2 - 1 


“We see that for these two nights the predominant direction was from 
the N.E. to the S.W. I turned my attention to the existence of a centre 
of divergence, and just as in previous appearances, the centre is found 
between Perseus and Cassiopeia ; for, of the 66 meteors observed in all, 55 
appeared to me clearly to diverge from a point between these two econstel- 
ations.’ 

New Haven ( Connecticut, United States). Letter from Mr, E. C. Herrick, 
Of the 18th August, 1853 ......:——‘ My time being limited, I shall confiue 
myself here to giving you a report of the shooting stars observed the 10th 
August, 1853. 

* The night of Tuesday, 9th August, was so cloudy that all observation 
was prevented. 
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“The night of Wednesday, 10th August, was clear and calm, and the 
moon set before midnight. The observers were Messrs. Bradley, Lyman, 
Baird and I. We were in the open air, each observer having to look after, 
as much as possible, one-third of the visible sky. We commenced regular 
observations at midnight precisely, and we continued until break of day, at 
$5 25". The followiug table shows the number of shooting stars observed 
per hour in each third of the sky. That part of the heavens from which 
they darted is mentioned. 


77 


How. | 8. |N.N.W.) E.N.E. | Total. 
0 to 1 o’clock in the morning ..| 48 | 27 35 | 110 
1 to 2 . vou ef 421 34 | 39 | 125 
2 to 3 i of 57{ 31 ] 81 | 119 
3 to 3 25’ wee 


“ Besides the 388 meteors mentioned here, we saw about 20 more during 
the quarter of au hour preceding midnight; we rejected 15 or 20 doubtful 
cases, and some escaped us after 3 o'clock, either from the morning’s dawn, 
or from other causes. No one meteor was written down twice, although 
several were seen at one time by two or three observers. 

“It must be remarked that the great majority of these falling stars, not 
less probably than three quarters, moved in trajectories, intersecting very near 
the group of stars which form the point of the sword of Perseus; and during 
our observations, the apparent point of emanation did not change ite posi- 
tion relatively to the stars. Many of the meteors left trains, and surpassed 
in brilliancy state of the first magnitude, whilst some were ae brilliant ae the 
planet Venus. 

“ Towards 2° 15™, we saw a luminosity unusual, but yet pale, along the 
horizon in the N.E. This light increased in proportion as the morning 
advanced, and was recognised as being the zodiacal light. Its outline was 
completely undefined, and from the atmosphere being slightly hazy in that 
region, it was impossible to describe the phenomenon exactly. It extended 
from the horizon to the N.E., covering the stars Castor and Pollux, and 
reaching up to the top and in front of the neighbourhood of 6 Aurig® and 
8 Tauri; but no certain trace of light was perceptible south of the 
ecliptic. 

“Te is interesting to mention (although I do not pretend that there is any - 
connection between these two phenomena), that there were faint manifesta- 
tions of the Aurora Borealis, on the 11th, towards 2 o'clock, and again to- 
wards 3 o'clock im the morning, during about 15 minutes each time. The 
light did not rise higher than from 2° to 5° above the horizon, and entirely 
towards the west of the northern point. 

“ You see from the above, that the meteoric appearance of August has 
continued to manifest itself here this year, but that it is somewhat less. The 
numbers which you observed in August 1852, were, without doubt, less than 
there would have been, had you observed at later hours of the night.” 

Rome. Extract from the Corrispondenza Scientifica di Roma, de M. EB. 
Fabri- Scarpillint—“ The observations made by the astronomers of the 
Roman College, commenced the 28th July, and lasted each evening during 
one half-hour, between 9 and 10 o'clock: up to the 6th August the number 
of stars was hot more than 3. 

“The 6th and the 8th August, they counted 6. 
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“ The 9th, from 9° 24™ to 11" 11™, two observers counted 87. The fol. 
lowing morning, from 2" 45™ to 3° 15™, one single observer saw 9. 

“The 10th, the sky was covered with light clouds until 10°15"; and from 
84 55™ to 115 46™, two observers counted 67 falling stars. Between 3° 3° 
and 3° 45™ in the morning, they noted 4. 

“The 11th, from 10° 6 to 10° 53™, they counted 19; but already the 
light of the moon prevented their seeing many. 

“Most part of the consecutive groups had generally such directions that 
their trajectories cut through the constellations Andromeda, Cassiopeia and 
Perseus, but more especially the two latter.” 

In one of the late numbers of the Institute, M. Coulvier Gravier gave his 
opinion that the meteoric appearance of August has a tendency to lessen fron 
year to year. We have thought that it would be interesting to verify this 
assertion, by the observations made since 1837, and which have been con- 
municated to our Academy. 

We have calculated, in the following table, the average number of meteors 
observed in an hour at Brussels, at Ghent, and at Parma. At Brussels and 
at Parma, the observations have been made each year, under nearly identical 
conditions and in the same parts of the heavens; we have only comprised t 
these means, those hours when the sky was clear, taking care to double the 
numbers of observations during the intervals when there was but one ob- 
server. At Ghent also the numbers are perfectly comparable among then- 
selves, having been obtained each year by M. Duprez, who explored always 
the same part of the sky that is comprised between the N.E. and the SE 
These numbers, obtained by one single observer, have been doubled in the 
table to render them fit for comparison with those of other stations, conform: 
ably to the principle which we laid downt, that several observers placed s 0 
to see the different parts of the sky would count a double number. The nun- 
bers thus doubled are marked with an asterisk. ; 


Mean number of Meteors per hour from the 8th to the 12th of August. 


Se 


Brussels. Ghent, 


Years. 


—_—a 


| I 

8th. | 9th. | loth. 1ith.| 12th.| 9th. | 10th. | 11th. 10th. ne, 18 
1838 |......|ece0e. Pg02 | are lecccelecccedeceseeleeeee | 167 | 29-7 |... i 
1839 '...... 342 | 66°2 |..... 40-0*| 88-0*|...... 52°9 [121-3 |.....- c 
1840 |occccclecccccleccccclececccleccecs 43-2" |... .clecee es 516 | 49°8 |...... 6s 
1841 |...... 170 | 44°0*|......{....0. 38°6"| 40°0*|...... 145 | 41:2 | 186! 2 
1842 |...... 49°2 |l124 | 55°0 |...... 41-2 |125-2*1...... 388 | 726.0... A. 
1843 [.. ccc lec vccclecsece 22°70 |.. Ps ere weeclese asleccncs - 
EC a PD DP | 2 
1845 | 58°O*! 54:7 |... lice wales ccc clec cc cclesceccleccvcels sleaveee | 8 
1846 |......|...05. ordin. |....--leccccclecsocs 20°0* |... ..sleccoes ordin. % 
1847 |...... 30-0*|...... 30°0 |...... 24-0*!...... 44-0* |... ..cleeeeee ceeees 102 
1848 |... ecclececaclecescclecescclececes IBO¥ |... cc efee cece leseees[eceecafenceoe| ID 
1849 |...... Pieces 28:0 ..| 54:0"! 50°B*1...... TBQ* becca ccleccess 93 
1850 39°3 | 74:0 seseeeleceeec[eetenelecenceleseecefeseees Bl 
1852 |......|..000. 565 | 36°0*| 23:2*| 18-0"! 55:4®]....../ ccc clee eee efeeeeen) 
1853 | 26°0*| 51-0*| 82:5 | 36°6*| 30°0*| 26°6*| 34-08 |......)..0. 0 [ecco cclecses: | 3! 


+ Balletin, vol. iii. p. 411. 
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In the following table, we have united the results obtained in a great 
number of other stations, but for different years. 
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Mean number of Meteors from the 
8th to the 12th of August. 


| Years. _ Stations. 
Lith, | 12th. 
ween j-s-..-!| Bremen 
es rn Breslau. 
Geneva. 
ce eccclecsccs Geneva. 
.o--.-/Paris Observatory. 
cece cclenceecleeeecs Berne. 
re eee Collingwood, Kent. ° 
woes soeslesceee, NEW Haven, United States. 
. -.|-.--.-|Guastalla, Burmese States. 
"0 |. cccclececes New Haven. 
2 ee eee eee Breslau. 
JO |. ccccloncoes Vienna. 
1842 |... [eseeee BlO jc ccucleecess Paris Observatory. 
1842 oe 117-0 ce ccecleecens ours. 
1842 |....-.]..00.. 11B4°O foc ccceler cece aiche (departm. of Doube). 
1842 |... BOO). . cc cslec ec eclvecens Brages. 
1845 |... B40 |. ce cclosvces New Haven. 
1846 |... -eleceoes 7y bel Rs ‘Dijon. 
| 1847 |e ceeelecceee 48°0* |111°3 | 66°7 |Aix-la-Chapelle. 
| 1849 |....-. 2 | ll Neustadt, near Vienna. 
1849 coleccees| S08 | 380 _...... Aix-la-Chapelle. 
1B5O |. ee celeceece 44°2 | 34°4 |...... Aix-la-Chapelle 
1850 |... cele os 0+ |120°0* | 80°0* .-|Dijon. 
1850 |... -ccelecvecs L170 |.ccvoslevecee Markree, Ireland. 
1850 |..csclecoees vy A Ce eee Rome. 
1850 |...... 80°0* | 63°2 | 52°0* | 32.0* |Naples. 
1853 Aeerea) © (> Gan eer New Haven. 
1853 |...06. 24°4 | 20° 24°2 |.....- Rome. 


The numbers given in these two tables, excepting those furnished for M. 
Coulvier Gravier for-Paris, continue rather irregular, and though they seem 
to decrease during the period from 18438 to 1848, they appear on the con- 
trary to increase during the two or three later years. These results appear 
to us moreover too uncertain to deduce positive conclusions therefrom, yet it 
seems to us that they are sufficient to render the assertion of M. Coulvier 
Gravier doubtful. 

In the table which he gives, the night of the 10th of August 1842 is only 
marked by 74 falling stars, whilst many more were counted in Paris itself} 
and generally in all other localities. 

It would, moreover, be well to know what allowance this scientific man, 
who observes these phenomena with so much perseverance, has made for the 
greater or less presence of clouds during the observations, and the influence 
of the lunar light towards the epochs; it would also be well to know whether 
he has explored the same parts of the sky and with the same observers ; it 
would be necessary in short to have the results perfectly in a condition to be 
comparable with each other. , , 

We find no gaps in the numbers of M. Coulvier Gravier; notwithstanding 
that during some of the years, and especially in 1844 and 1851, the observa- 
tion of falling stars was almost entirely impossible. It is to be regretted that 
we have not had an opportunity of seeing the whole of his work, in order to 
form a right idea of the manner in which he has filled up these gaps. 


t See the Comptes Rendus, vol. xv. no. 9, p. 492, | 
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A Catalogue of Observations of Luminous Meteors, made at the Observatory, Stoa 


Appearance Brightness Velocity or 
Date. Hoar. and magnitude. and colour. Train or sparks. doratioz. 
h m s 


Sept. 6 7 34 49 let mag. Soseoebbaesaeed Colour of Ju- No train CUOROCCERReooeosena @e 


p.m. 

9 54 39 
p.m. 

10 50 2 
p.m. 


11 14 22 
p-m. 
11 29 16 
p.m. 
11 29 51 


11 49 55 
p.m. 
12 10 10 
12 22 25 


12 24 33 


12 31 34 


Rapid ......0.00. 


let mag. YIYTITIFT LTT 1. | As bright as Train oebdentesoonecces Oeanbeed SOW. ...00cccceccossei 
Lyre and | 
white, | 
2nd mag. Gevccceodesoetbe Yellow eabadeseas Train slightly beaded cobeooa Moderate......0« 


2nd mag. ...........00+../Orange 


2nd mag. ebocedatebentes Red ..cstccvccocf AYMIM ccccscccvcrcncrecczecces Repid eonees events 


ord mag. POCO eOredareods Yellow eens Sseee Train Poeeevecatesevesevevasn ) Moderate... 


4th ma Rbeecbecvcabdder Blue 


BCC c cr ceelcodedcedseePovcsboropesensseeecte Rapid docsncnescee” 


lat TAQ. sccccetoccceces Blue IY T TITY Bright li ht blue-beaded Slow...ssoe soceeest 
train, with a swell in th 
middle; the diameter o 
the centre of this lumi 
nous train was about 10’. 
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Vicarage, Aylesbury, Bucks. Latitude 51°47! 57"-03 N. Longitude 0° 52! 16-35 W. 


Direction or altitude. General remarks. Place. 
'rom between Z and » Serpentis,/If the ) had been'Stone ............ Rev. J. B. Reade. 
and went a few degrees from) away, and if had 
N. to S. been dark, it 
would have been 
of the size and 
colour of Jupiter. 
rom é Cassiopeiss to Polaris... COMereSPOonseRadaesococe Ibid...... rryery) 6000 F. Vat. Fasel, Beq. 
rom about xz Andromedez, AN). cscisccccconecsevcccees TDid.cccsessecscsees Id. ob6betnsseeears 
went towards Lacerta. 
rom 14 Delphini to « Aquilse.|....... seeeeereese Pen | 1: ee Id. 
rom 6° N.E. of y Persei, ONG) cvsece Covvececsesdoe Ibid.: Beeonserescces Id 
went about 11° due N. 
rom between Algol and 3 Per- seccescecccteees osseoees Tid. .s.ccseees @eoeae Id. eee detseetOdies 
sei, and went a few degrees 
towards Capella. 
Yom 6 Aquarii to 9 Antinoi ...|.........04 secscsreceee(LDIascccesscereeees(P> Smith, Esq. 
rom y Lyre, E. of vevcccevece YETYYIVETET YT IDid..se..secscocses Vnt. Fasel, 's “9 
and went to the mouth of the and Rev. J "B 
Dragon, i. e. to # Draconis. Reade. 
rom 3° N. of A Persei, passed]......... teeceeeseessens IDid.......c.ccceues Rev. J. B, Reade. 
d Lyncis, and vanished n 
21 Lyncis. 
Tom 2l L neis, through CHOBE H KORRES ELEseeeesees [Did..csveessce @eeoe Id. and F. Vut. 
ey Ure Maj and vanished 3 asel, Esq. 
ond it. . 
TOM w to y Ure. Maj. ...crces|ccsccsscercsccecsscecestl DiGssescsesscoseses {EVs J. B. Reade. 
rom B to y Ure. Min. Poeoesonetonse® SCOeceeOSarennonesees Ibid. osesaen beeeeeaans Id. eecvee eee eee 
rom 87 Draconis to a D Cofeoeseognesbantedssaeen Thid.. cesses e oe Id. orsteosdsobeodeces 
nis, 
tom 4° above Polaris and went|It described a wavy|Ibid................ Td... .eseeseseeeee 
from W. to BE. path. 
rom half-way between 6 andj......... eoevese sooveees|LDIGs...s.cacse ..-»{F. Vint. Fasel, Keg 
+ Urs. Min. passed through 
y Urs. Min. and went a few 
degrees towards s Draconis. 
rom. Draconis to the Puint-|,,....csccccsecsesscenes TDidscocscescccevens Td. csecenscosecess 
ers in Urs. Maj. 
m 4 Cygni to within 4° N.|,..ccscccsscscscvccceves IDid....ccsacccccene(LGs sssocvncesooees 
of « Delphini. 
rom 3° §. of Markab, and]..........0.. svecsescees[LWIsccdesassesese ..|Rev. J. B. Reade. 
Went from E. to W. passing 
above Z Pegasi. 
rom half-way between 3 and al......sccsscssossseeecee{ ADIL... ...cs08 wuss Ld. cenescssccoeeee 


1 rghin. and went from E. 
to ry 


The extent of the Ibid......0.csececes Id. eecacaseesebeare 
train was 30°, 

and the whole o: 

it was visible at 

the same time 

before the head 

vanished. 


realis, and proceeded to 6 
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| | 
Date. Hour. Appearance and | Brightness Train or sparks. Velocity * 


magnitude. and colour. 


1893. | hm 8 
Sept. 612 32 14 [4th mag. ........ceceeee Blue —.....c00- No train ......csccccees cece sf RBDIG ...c00.seceeee 


10} 8 32 39 (2nd mag. ...........s008 Orange  ...2..|TrAim ..csccsecccnccenesseseee| MOGCTERE .00,.ccse ae 


10 7 52. Let, mag. ...c.scssoesee{Brighter than|Train  .s.....cscsoesssessessee|S1OWssscecssecrsensee 
p.m. a Lyre, and 
reddish. 
10 14 -3 [4th mag. corcoccccsceses Yellow ....000.. Train cccccsccens socccccceeccs| RAPA .scccsseccensee! 
P 
10 19 43 2nd mag. OACRHFEEO KSEE OS Orange engeee Train SeotoesscgesotSegnstseases SNOW occ.cessseoeserees 
10 33 SL [Ath mag. ceeseceeosenees|BIMG — crarereee[NO CPRIM ..ccscccsssscecseesee MMPI. .epessseuee 
p.m. | 
10 52 39 4th mag. weeatOeoeestiecs Red GGesenecases Train Obeneresn VOCsooce eerveucee Rapid PYYT TY IIT) itt) 
p.m. . | 
ll 22 54 2nd mag. Cecosestoenese Orange-red eee Train YITTTILTTTITITiT Tier it Rapid Cbecscgaccorses 


ll 23 5 4th mag. occceanessceaes Yellow eevcavece Train OCRCOR Ede reeesunn #OnreED Rapid oeeeegs pescoase 


1] 31 21 (2nd mag. .......+»......{Orange-red ...|Train like a semicircle ...|Rapid ........00: 
p.m. 


1] 34 35 3rd mag. One cccas eeetoce Yellow PYYYTTTIT | Train eRe rere Beeescescce Rapid doe peaeeteocced 
p.m. 


1] 42 45 . 4th mag. CeedOSaseoeoras Blue seeerenes Train COCO OAOT OES ERS cesooseye Rapid oogoaocgarerer 


1145 25 [2nd mag. .....se0ecesese[VOOW ...c0e.e.|NO train cesssssssesssseceseee[ROPid ..ceccssese 

11 47 25 4th mag. @scoesoe ecenees Blue Oastecose Train SCHOKSHHOHHSSEOOHR EHO Aeebe Rapid eeeeaegocsece’’ 

ll 55 26 3rd mag. eacens eeenesese Yellow aentGagenperetOCeosage SOB rosEReoane Conete oe Slow... oasee easocnnes: 

ll 56 ll 3rd mag. eoobe Caoceegeseer Blue ruyYyVritt) Train euneeeesaetaseeengroces Rapid ore cece dercser 
p.m. 

ll 58 p.m. 4th mag. Ccenvegcerstiuee Blue SOP ooessolecsnese Ce BOB genase PRCoacsacesen ee Rapid serocngy angaees 


12 2 10 4th mag. COBOL HSE AOSCOS Blue BOCHOCS ESET DOSES HEHKESESHOHHSS HL OCEEDHSAOTS RES Rapid Bedecagnatterr” 
12 6 6 3rd mag. COR eee ereseeee Yellow evenecese Train devecccovesseetesecvencs Moderate oownsener't” 
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Direction or altitude. General remarks. Place. Observer. 


From under B and y Ure. Min.,|...ccsccoccsocscsccccesef{StOMG ...cee.0.2,./REV. J. B. Reade. 
and went from KE. to W. 

rom H 28 Camelopardalis, 0 POCOOC oe ates ebegesessense bid... .cccscecves F. V. Fasel, Eaq. 
10° below Polaris, and - 
ceeded about 10° towards X 


Urs. Maj. 

rom between a and g Lyre, SACSEHOSHECECAHSCECEOBReeEe TDid. .cc.scccccesecs Id. eeeesegegeeeene 
and went to ¢ Lyre. 

‘rom about 2° W. of B Urs. stengetonse eeeecoeuscercaes {bid..... @0en8 CCeonae Id. Seeseesgeecevnetosea 
Maj., and vanished about 1 
below x Urs. Maj. 

‘hrough Aries from N. to s. COeleaehOeonesseoseressesece TDid.esescossscceess F, Vnt. Fase), 

Bed. and Rev. 
J. B. Reade. 

rom & 0 hiuchi to within 4 SCORES SHOEHESCFOHRSOECeeoRsS [Did.cccccvesceccee F. Vv. Fasel, Eeq. 
N. of 6 Ophiuchi. 

‘tarted between | and sPiscium, CCeeeneensBeenee Seocesee Ibid eoccnce Cov accece Id. erence Geecenes 
and about 3° S.W. of #, and 
went to » Piscium. 

rom about the same PONE A8)...00ccer.sreceseroneees [IDI ...00.0000 cree[AGe sevevees 


towards « Piscium, and 
nished within 3° E. of 
(upeilon) and 4° 30’ N. of 
Piscium. 


tarted between Markab an CORRECT ocescesegoceses Ibid.....ccccccccees Id. VOSRCCREHECH EES 
Algenib, and within 7° E. o 
the former, and described 
among the stars 76 S, an 
Pegasi, a curve, like 
temicircle, which termina 


exactly at Markab. 
rom half way between R and SOO rconeareseocssgeeeces Tbid. ease PCROBeoeees Id. Ceveose Obecsere 
Herculis, passed S. of « Her- . . 

culis, and vanished half way 

between % and 3 Herculis. 
rom 8 Draconis to 3 Herecullis.|...........0.ccevseeses{ADIG....000..c000-5-(e Wnt. Fasel 

Eeq., and Rev 
J. B. Reade. 
rom £8 Ophiuchi to the horizon.|.............0006 Oseeees Thid......0..seeecee Rev. J. B. Reade. 
rom 7 and e Custodis Messium eeCteeesneeanoneneas @ecseven Ibid....... eevensenen Id. SCCCHE OH eCOReee 
to Polaris. 
rom + Draconis to ¢ Draconis.|................ steseeee | F. R Vnt. Fasel, 
rom 3 Aquarii to half way toj.............00. desvees Ibid......ssceceseee Rev. f. B. Reade. 
3 Antinoi. 
rom « Cephei, and went about CROOK OC OOO eE OR Eran hesener Ibid Te TET Peeccvenze Id. SROverneesnencs 
10° towards y» Draconis. | 
rom § and ¢ Tauri, and went al........0..ss00+: beceees IDid,.....0..se000 Td. ccceccevecsseee, 
few d due E. 
arsed ttle er ‘apells, sesceseeecscceces peseens Ibid...... Seoscceees  (: woes 
throu urigee, 
and went 4° tepond it, 


Reference. 
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Date. Hour. Appearance and Brightness Train or sparks, Velocity of 


magnitude. and colour. 


1853. | hm s 
Sept. 11] 8 17 32 20d MAG, vrecareseereree| VELIOW seevecese/TFRIM sseserecsccareessceeee ce] MODSTRES wo sserssern 


p.m. 
8S. M. T. , , ° 

18 7 50 4 lst mag. COCenocenecenes Red eovceenenees Train Ovoaarocaasarecegangsone Rapid Cer engrnesssteq 
p.m. 


20 7 48 52 lst mag., . and as|Orange-red see Train ae eeenee eteeanee pooeeecs ME Oder ES ceccesseen 
p-m. bright as « Andro- 

medze. | 

23) 7 49 9 [Srd mag. .oc..ccoosceone| RELOW ..ccsecee(MPBIN  .....00 deseceseecees voe[Rapid oo. .ccececccen! 


8 628 lath mag. cesses. White wos... PAIN sessssseees srecesseeee{WEEY TOpid sera 
p-m. | 
.24 8 41 55 2nd mag. eeveenscesccere Orange sacves Train reeserereeeeregesesseeee RMBIG cececenscngeees 


p.m. 


8 44 SH lth mag, ....ceesessceee Ble —..reseceeleceseseeeee docaseesceouee esccenes Moderate ............ 

p.m. 
9 21 40 [4th mag. .....,....00 oo] WHITE... .cceee|esneeseons Oo ceeeevencerepucacce (Rapid ......... arvee 
p.m. . 


25) 7 11 35) jist mag., as large as\Orange ......|A WAVY train ¢sserecencee es | MOGOTELG cassersene 


p.m. Jupiter, and bright- 
er than « Lyre. ed * 


7 17 15 3rd mag. Pode ceeavscenes White seoosvoee| A FRIN ssocesecescecccescscoson Rapid Peauaeoergores 
7 38 p.m. 2nd mag. SCD eeeedeece oe Yellow cescccove secncececaccssercoccecsersscscooe! RADIA eoccesceqeneese 


7 47 54 4th mag. Cocaceeesareres Yellow ORedeaeoe | SHODsOersaseeHSoeqeesessoeeer Hes ifoderate qocecnerest* 
p.m. 
Oct. 2 8 16 6 4th mag. TEPTTI TT TTTiT Yellow PYeET ITTY Train oeroerce Ceevesgcesessses Rapid acne seooeceser, 


8 26 36 5th mag. wageeecvarconns Whitish eTTT Train Coen econeoSsoarderegagose Rapid BOS vcnncssetes! 


3 y | 43 17 lst mag. PPUTTTT TTT TTT Orange eveces eaded train ...ccsccesesece Moderate...... weaes 
p-m. . | 


? 
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Direction or altitude. General remarks. a Observer. Reference, 


rom about half way between'........ deececees seeeees Stone .......:.....%. V. Fasel, Eaq. 
Polarig and y Cephei, and 
went towards 6 Cephei, and 
vanished a little below it. 

‘rom « Draconis, wont from W.)...cccccorssccscoesecacs Tid. .coccsescscens Id, VRdeDOceErerrer 
to E., and vanished within a 
degree S. of w Draconis. 


rom. about 2° W. of og Andro- eoeesevoecas Sceecaegvaeesns TédL..seccossccesves Id. CoRR Rebesoesere 
medz, and went about 10° 
towards ¢ Cassiopeiz. 

from ss (kappa) Draconis to:...........cscsesecssees (rr Td. .ccccscesesenes 
s (iota) Draconis. 

from 2° W. of ¥ Casciopeize to CObeacasonsseoessa eeeecas Ibid... eoues aceueceae Id. eneeesgesaceoecs 
y Cassiopeiz. 

"rom 1° above and E. of Bi acaccccesscovnsce secvenee TDid.. css eccccseecns Id. eoeCeReegeeeees 


Andromede; passed W. 
Algenib, and disappeared at 


& (86) Pegasi. 

From about 3° W. of 6 Lyrte to}.......-.cceecees deceees TDi... .cusscsence{LGe cocsevegecsoees 
& Herculis. 

From half way between s).........0.0000. teeeees Thids....ssscceseves  ( soereses 
(kappa): and 6 Lyre to CH 
103 Hercalis. 

From half way between « An-/The head described|Ibid................ | ( ree sees 


dromedz and Scheat, to h its path in a zig- 
way between Markab and) Zag, giving out 
eparke at the 
same time. The 
wind was blow- 
ing almost a gale 


from W. by N. . 

From 4° S8Y W. of ‘ (iota) An. PORE QCeneseeeevrereeraens Tid, ..cccscesesees Id. SUCHRRCECEEALCe 
dromedz to Scheat. 

From 23 Urs. Mim. to nearly),...............ccccc0c Tbid........ceceeee. | (rr tee 
half way between H 32 and ; 

H 30 Camelopardalis. . 

From 3 Hereulis to within 2° oO SESRHUOT OR eER EERO eteson 0 re Td. 2eeCegqsesenggeas 
N.E. of « Herculis. 

From 3° E. of Y Urs. Min., eee Oe ee gen ageesanecns TDide. cccesceesecees Id. USEC er 
passed between y and 8, its 
direction being N. OF W,, 
and vanished within 4° W. 
of and below 8 Urs. Min. 

From 3° N. of 9 and CH 209'......... veceee eancceees Ibid...... vevcceveee|L Ge seccevscccceers 
Bootis, and vanished within 
1? W. of 44 Bootis. 

m between & and o Herculis,|The train waa very|Ibid........ seccese(Ldes  sescoessees eee 


passed through 106 Cerberi,, bright towards 
and vanished about 4° W. of| its commence- 


m rami pomiferi. ment; it appear- 
edto emit sparks, 


and was visible a 
<M: | short time sfter 
j the head had 
accomplished its 
course and had 

bo, vanis 
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| Appearance and | Brightness Velocity or 
Date. Hour. magnitude. and colour. duration. 
s. M. T. 
1853. | hm s 
Oct. 3; 7 50 37 , th mag. BCOCOH RCH Obaeon Rather raped Owe: 
p-m. 
8 3 51 2nd mag, ersece eden eecee TRUS conscece STOWeseccceccocecs 


Rapid ...........< 


p.m. 
8 15 21 Moderate ..... 
8 18 51 [4th mag. ...........08.. Very rapid . 
: p.m 
8 23 19 |Larger than « Lyre,'Orange ...... Very slow «2-0 
p.m. and almost the size 


of Jupiter. 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 40} 


Direction or altitude. General remarks. Place. 
m Ss 1 Tauri Poniatowski Vis oecces EPTTIII111 (1711) 
tas Alhagus (« Ophiuchi). 
m half way etween & Dra-|......scceccoessconscess[LDIG.....sneneceeees 
‘onis and « Cephei, and wen 
o w Cephei. 


m 2° W. of » Herculis; 
massed between » (upsilon) 
ind « (tau) Herculis, and 
lisappeared within 4° beyond 
he last star mentioned. 

m 2° B. of » Herculis, and 
went to Z Herculis. 


Et § about “4 N. E. of S l CROC OCC e Dee EO EEE UadeOs Te 
fauri Poniatowski to « Tauri 
Poniatowski. 
ym » Draconis to within 8° offfhis meteor first|Ibid................ 
» and » 1 Draconis. made its appear- 

ance as & étar 

6th mag., and 

gradually 

creased in size, 

but did not start 

off in ite path 

before having at- 

tained tothe mag- 

| nitude of Japiter. 

mm x Cygni to y Lyrae ......|...000. eceevevcesccccncs Ad... .ceececeners 
pm apons # Segite to @ Del- eecccccovenscans oones i 
om 1° 1° 3 E. of ? 42 ANdr0-|....cccscssesceesee eoool IDId..... 
medse to » Andromedz. 
om about G (106) Rami Po-|.................. eeeeee 
pret and went about 7 
mm about £ to ¢ Bootis ......|.... sveeeesececccoscvees 
m « Lyre to ¢ Herculis ...|...........:. oe eveaececs 
der the head of Draco, wentiIt appeared very Ibid.. breescevensececs 
rom E. to 
m betwees s , and & Andro- ths 2 head was very|Ibid....... seveeeees 


medze, crossed the head of| compact. 
Piscis Borealis, and vanished 
3 little below £8 Andro- 


m about 9 Draconis, and].......0......000. ccooeof ADI... rae. eeeseee 
vanished within 2° E. o 

CH 209 Bootis 

ym about E Carberi to G]....cccssccsecsssscecees ee 
Ophiuchi. 

oma _f Custodis Messium to s........... Mestees soccee[LDIG....cscsceceeses f 
Cassiopeise. 

om 6° S.S.E. of 3 Dracomis).............cec006 coves IDIG....cccccesscoes 
to « Herculis. 

om 1° N. of » Andromeds * PPYETITTLTEIE TTL irl tit 7D Ibid. esoees 
Mirach. 

om CH 122 Ure. Maj. CO Bheccccsvsceecccsnes eecnee 

Uraee Majoris. 


1854. ap 
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Brightness 
| and colour. 


Appearance and 


| Dats. Hour. magnitude. 


1853. h m 8 
Oct. 22) 6 43 17 


Beaded train eecavecscebtéces Moderate veces 


PYYTITI CISTI irri Rapid ococe been. se | 
OheOSOEOK SHH ETAEH TSE EHOHSHEaGOnsEES Rapid VeeovsQesore ont 


eenee rain SOLS CEOSCE HOTOSTasagesees Moderate........«: 
FOCRCHHSEOSH EDO SOHO OSES EOCEEEOS Moderate......0.. 


Train eeeotes pc eeebeveenccene Rather slow eeurs “ 
anf oecccesons eee eeOCeserareseseneres Rapid pwavcvesase ae 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 408 


Direction or altitude. Place. Obeerver. 
rom about D (97) Rami Cees sFavesSGacentOeassace Stone eeSesoenesege FP. Vv. Fasel, Esq 
pomiferi, and travelled . 
ut in a direct 


seed OSceseedoeeoesebOtes SUP coeeeeSeSace Id. 


rom 1° S. of » Andromedse t0}.......00++..0+8 covceee LDId....0+0+00000 00010. Ve Oliver, Bag. 


43 Piscium. 
rom Io N.W. of « (apatlon) 
erculis, passed between ¢ 
and o, and vanished 2° N. of 
¢ Herculis. 
rom 1° W. of » Piscium, and 
went to o Piscium. 


Ibid. eocees acesecese Id, 
IDId......ccccccees C. V. Oliver, Eaq 


direct line towards 9 Anti- 
hoi. 


and disappeared between 
rom between wend i] Herculis, Cod nee cone ee eeeessnecce 
passed between % and s and 
Vanished at S. (50) Herculis. 
rom 5°S. of Draconis, and dis- 
appeared between r and v 
Herculis. 


rom about d Draconis to 5° 30’)....... 
8.W. of » Draconis. 


aeerte eee TBid..cccccccegecses Id. 


rom about ¢ (32) Pegasi to eocseesGtHeaesea® 82689908 [Did...cccosesccccess Id. 
about pz (17) Delphini. 
rom about 3° E.N.E. of y Lyre, OBdeeseesoue COdoscvsere Ibid.... COCoeenee Id. 
and vanished within 10° due 
W. of 8 Cygni. 
rom 2 Sagittss to @ Aquile ...|... beaevescecenscaeecces [Did...ccsccssecseee Id. 
rom y Urs. Min. to ¢ (iota)/......... secccconccceess|EDIG.. cc cccseccsccoel he 
raconis. 
rom about 2° E. of | Sagittee, SaaS egesbesseaasseseene [bid. eChehoeessen @eoee Id. 
and travelled about 10° to- 
wards ¢ Deiphini. 
rom sbout 2" B. of » Delphini, oseaes wosscseeees | LDIG.....ssccceceee Id. 
passed throngh 3 Capricorni, 
and vanished 3° beyond it ' 
rom 1°w. of ’Aurigs to a little seegetegeeeeestsse ogone [bid.....cscccccsces {d. 
beyond d Lyncis. 
rom 2° N.E. of » Pegasi, pass-|..........000 ocececs cee I DIG. coscsccsevcooel Ide 
ed just below « Pegasi, and 
ppeared 1° S. of » (apsi- 
lon) Cygni. 
™ y Urs. Min. and disap-|......cccccssssscceccecs Ibid... 0.0. .seoee -{fd. 
peared between s (iota) and 
nis. 
tom 4° N.B. of o Herculis tol........ iovenesscooeers Ubid.......000 scooee( Ide 
_ Within 3° N. of » 2 Herculis. 
rom about 1° S. of 9 Cygni to| Appeared low ...... Ibid........0000000-[fde 


1° N. of s (kappa) Lyre. 


. . eo. - e- - e- wae 
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COReeStCeHeesseesSSsSSGagce Ibid... .cesccoecees F. V. Fasel, Esq. 


Reference. 


040 mw we U8 


1853. 
Nov. 


3} 8 21 20 
p.m. 


sl 9 18 50 
9] 8 17 20 


19) 5 57 35 
p-m. 
613 4 
p.m. 
6 30 19 


p.m. 
7 18 24 


2017 9 p.m, |9nd 


710 9 
p-m. 


21| 5 47 36 
p.m. 
551 2 
p.m. 


5 54 43 


Brightness 
and colour. 


let mag. and aa brightiRed ............/Train ... 


Sane seeleseoeessecssSsecegi soca Inetantaneces oope 


a@eeens 


lst mag. or rather the White Oneoecens No train Sovovcateeses Oeetocece SOW. scccesccccccsse 
size of Jupiter, be 
not so bright. 


mag. OCeacceesesetes obdseceeensbes Moderate....csssss 


White eoebocses Wavy train CatPeercoccnracece Rapid oon coe oereeteed 


eobedseerersece sevecscsee APG savecesecseees 
Occ ccccnsandececeens Cate Very rapid 2 20ttteo: 


Coccescessesccecsseteces| MADE OOdecceeer: | 
OOo eres tbCeCasoucene ebdeevcave Moderaiie......ce+ 


3rd mag. eooedebeeeccbia 
4th mag. oonedoetsbbdeoe 


3rd mag. eoecse COscvce @e White ecodocece ‘rain eeveanave OOM sbavccscvens Very rapid severed 


Oe re necesecernl 


2nd MAReccovssettscrcat Red Corman edo daaseddedevacsestevaesengteeresdebete Slow 


4th mag. »......00sceree\OTAnge....... of TIMID cesceeees 
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Direction or altitude. General remarks. Place. Observer. Reference. 


From between @ and. & Aquariii. 00d 0004 00082068 0bgececee Mene Ceeesvessece F. V. Vasel, Koeq. , 
to within 3° N.W. of 3 Aqua- 


rii. 
From about H 24 Camelopar- ceesceccccccsvsccgecetes [bid....ccoccescsoes Id. 
dalis to about 9 Urs. Maj. |. 
From about 2° W. of H 22 Ca- CES eveeseeHsseeoepececsea [Did ..cccpeccceccee Id. 
aj. 
From about 3 to 9 Andromedz. COMncerOeesoenenaersetese Ibid... eovnsse oe000e0 Id. 
from «s (iota) Draconis to m.....cccccosscssscess oo [IDIg....,00.s0seeeeo ld. 
(kappa) Bootis. 
rom 9 Urs. Min. to within 2° eences POTTY TTIVTTT itty Tbid.. .,,cccccneces Id. 
E. of y Urs. Min. oo 
from about 4 Ceti, passed below Appeared verymuchIbid.... (Id. 
wand vanished within 3° E. Uke 2 “Roman 
ne B Ceti. +i 
m » Cygni through]....0..cccscccerpeovecce{L Wie, corscceeeseses [Ge 
«and proceeded about 7° te 
wards @ . 
trom baltwo between Dele}... .cccscsesscccccesees TOEG...... cc ees seofld. 
phini and % Cygni, crossed 
pulpecula and vanished with. 
4° B. of 6 (6) Anserts. 
bom } Aguile <9 very near the]............cccesesseoes TbId...,,,...+0000..] W. Tomkyns, Ese 
rom 4° §. of « Andromede, poscccccceeceeses aseecec{MDIG....,00esccce.e1h> V. Fasel, Req. 
pessed within 4° or 5° EB. . 


Markab, and vanished within 
6°20 R. of ¢ Pegasi. 
rom s (kappa) to « Draconis .|...........cscesceseee wl UDIA....,00..-0ecse0fK. 


from between {aad » Draconis, eaateeones Cp eee Odgse SOD Toid... @eeseseae eoese Id. 
and proceeded about 8° in a 
direct line to » Urs. Min. 


ay about 4° s. of » (nu) Cygel...ccccsseseescorecesoe(ADIC.. ceneee soseesee| We Tomiyns,Baq 
nl, passed between s and ”, 
and vanished within 2° E. 
hom ut g to 6 Pegasi easeenio Seaeacses OCCSEHeeseos8OE Ibid ereegose eseesece F. Vv. Fasel, Raq. 
vom, shout 5° 8. of « Neecesseseeseencs poeecees IVAd...........e0e0efhd. 
and proceeded coout ot tae 
wards « Cygni 
"om  Draconia to a (kappa) PSC HOD congas seboraggesee TIbid.. eneace e@eoescoe Id. 
Cygni. 


from 7° 8. of 3 Piscium, and SPoporsceerecgp coronene Ibid.. SHSCspecoegeve Id. 
travelled about 8° towards 9 


quarii, 
From 4° W. of y Cephei, passed SHogoesesoaceoscvesceteo pee Ibid.....scsorecsess Id. 
een Bf and y, and vanish- 

ed within 2° W, of % Cephei. , 
from about § Cygni, passec be- COC sc cceesedesetSteen wel ADI. cccceseccsscces Id. 

ween %, and +, and vanis 

within W. of y Cygni. : 
From about 2 W. of v Cygni, CO sOOcenasOdecceneccone .{[bid..... Carecceeeons Id. 

and vanished within 2° E. o 

‘ (iota) Cygni. 
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Date. Hour. 


Nov. 22) 9 17 18 
p.iX. 


9 19 47 
23; 6 1 36 


Sept. 231 8 3p.m. 


Oct. 2/10 28 p.m. 
23; 7 13 p.m. 
30)10 12 p.m. 


1854, 
Jaly 22)11 10 p.m. 


23/10 35 p.m. 
10 36 p.m. 
ll 4p.m. 


Aug. 30}10 15 p.m. 
10 18 p.m. 
10 20 p.m. 


Sept. } 9 57 p-m. SVG CaeeHsH Hoe SOHSSTESH RTE Bright oP oserss No train SOC ace esedteseoessesoee 


Sept. 1 13 15 COcoveleceos 
° =to Sirius obesseseseve of Sirius eoeeee Train PYYTTITTILTTE LI ry) ° Slowly sec wegeese” 


> Feb. 25 8 16 eeence 
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Appearance and 


Brightness Velocity or 
magnitude. ' ‘Train or sparks. duration. 


and colour. 


4th mag. CeveseesesSsees Reddish eatece Beaded train SeoeeeshCecaseces Rapid eda cucceveocen 


AWhite ...ccc[Train ccccscccssssscessscsore RAE oo scccecc seen 
White eaepoogece No train SES eget esesesesotente Slow..... eoenecos | 


Sth TAZ. ..csoee sesenes 
2nd mag. vestetssecesece 


* Luminous Meteors observed 1853~—54, 


Small Bedeopateses eee «ei White . esotetess None @eeeaees eegqaeeeOsetoesecece @e 
Small ........csecceeees White ......... NONE  .......c0eeveeee co secere|{ SLOW. ssccccscssccsees 
Small ........sceccsesee| WHITE ....0000. Brilliant, nONC..0...ccccceeee{ RAPE co... .ecneee 


Large ....... Covnvecs .-|White,  bril-Long train of sparks ......|SIOW.........sssse: 
Large ....ecesessscecace White ...... vee|NO train cerscossrccrserrecess|SLOW cee ceaseeesere: 


Small ....ccccccsscccess White ....... colNO QEMIM ..ccccccccccsscvccese Rapid 
Large ...ccccessseeoeses| WHILE secscenes Appeared stationary ; ex-|...... 


uick 2@ 0866 2g seer! 


Luminous Meteors observed 1853-54, 


COOH OSE EEEHAHOO See H EDC Heer eDeeDesEeSePea sees enevesneerereensssore Coescrfnesvccczecense enecsees 
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Direction or altitude. General remarks. Observer. Reference. 
om abont 14 Draconis, passed)....,.cecccorsescsesesss|StOMC sescsesceeee[Ke Ve Fasel, Bag. 
between # and % Draconis and 

about 6° in a direct 
ine to y Draconis. 
om Scheat to about }° W. COSC OEOEHEHHOSEHOST. Cte Tdidl.cccccsoovcceces Id. 
¢ Pegasi. 
om & Capellise to 9 Auriga... serseennsccsnnecsess ons TBldessessote evcese W.Tomkyns,Esq. 
by J. King Watts, F.R.G.S., St. Ives, Hunts. 
om zenith by « Persei down|Divided into two,/St. Ives, Hunt-\J. King Watts. . 
towards North East. one portion va-| ingdonsbire. 
nishing. several 
seconds before 
the other. 
om Pieiades to Eastward DOSLSSS eee sHSSsHasseosesages [bid....... Oeneonvnes Id. Ste ceeessoeuagace 
ross Ursa Major to North ...|....cccscscees coscsscees (IDEs. .cccecscecness (rr 
om Lyra to DeJphinus......... SCOOT HEERESOKRAECSERLEASES Ibid. eeeses taecaecges Id. eseaeves Sdeeevee 
om Lyra, passing Polaris SSCS oseeesSgHolSSgastHFgessee [DidL..cccsesscccces Id. OSC oeanaeeoesae 
om Cassiopeia to West CHOCO H soseegenensesasessoosser [bid...cscccce e6eene Id. @eesoesete goecea 
UME COUFSE  .rcccssccecsons everecleoee cervccscccser|EDICsccscscccccccee MGs svaccesscves 
low « Cygni eeace e eenee eee SG eeseeteosses C ° e ° Id veo e ® 
om & Persei to North SCOHSHOLESESOP a eR eTeSHeDeeeCERees Ibid....ccccvecsesee Id. eeoee’ eeeadeeee 
‘om Ursa Minor to West......)..seccccceses besccceeees IbId.......00c.cevee Td. oes. eoeascees 
‘om Polaris tow Urese Majoris|This was a beauti-jIbid................  (: rrr 
> q@ ful object, and 
-.%\ threw off a 
tes, strong light. 
pt leece tlie “2, The nucleus 
SSSpeee tts became invisible 
Swern “7, «several seconds 
**' 104 0' before the sparks 
‘« ++" ‘had disappeared. 
om « Cassiopeis to « Cres beaseeseccscsveceesecees IDid..sccscsccsecoee{e oeee veeeeeeece 
by E. J. Lowe, Esq., F.R.A.S. 
oesepeseenscacsonsessevasssecesesess everal meteors ...\Highfield House|A. Lowe, Esq....[E. J. Lowe's MS. 
beervatory. ; 
om zenith down to S.E,. ...00.)...c.-cceeee TTT TT [Did..ccccssessccees [bid.....+ssccsesoes Ibid. 
levee wv ccescssssccsccssresercecercee| Many large meteorsl[bid.............+0|B. J. Lowe, Esq.|[bid. 
Pegasi towards s Piscium.|Zodiacal light ...... Observatory, _|[bid........ soeceee of LDId. 
i exactly as it Beeston. 
reachedthe N. edge of zodiacal 


is possi 
the 4th mag. within the light 
were not visible. 
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. “Appearance and Brightness Velocity or 
Date. Hour. "magnitude, and colour. Train or sparks. duration. 


1854. | h m 
Mar. 4 9 5 eens Small Cocccveovesepovess Orange.csss.00 Many sparks. eoveoceeoeneone Slowly ........0- a 


30 9 3 eo@er Small seececcvesssoce eeclececscsce OCC Careloeccne 009 0000 000s 6G e Tee hhePOOenals eeteeeevosccess ennai 


: Apr. 1 10 0 eesqee Very large SOC conPeeeoe Bluish odeteeene Globe -9 6806068 600006000056009 Slowly esoveessceena 


10 8 12 eeeoae = twice Mara vecteteee Blue seceeeees No train CECOO CREE DEORE HEOEEEO 0-2* 2 Oe OCC ctegeetenrs 


14) 8 43 20...jm0Gnd mag.* ......... Deep red ......|NO trait ....ssssseesccesroee 0-5? on... cssesecves 


19/12 3 ...,..,)-:2nd mag.* ..... o..([Orange-red ...|Streak .....,-ccsccccsecercnses|[Qee scncscessceeceeed 
| BO} BO cssessftwice 0.2 esses BING scssssee[GLOBO csccescsseceseesseseesoefSLOWssccssssseee 1 
“Ang. 80] 8 80 ...cce[ere Lyrie.cccccscseeess WhIGC ..csccs0.(SHOTt tatilecscccccesecceseeesed Very alow ons 
| 8 30 20.20.) 2 LyTte....serecceeere White ......00/Sbort tail...cocsoscscecsesonve| VEFY SOW  ccsereed 
‘Sept. 13] 8 20 :.. ..|=Srd mag* sesenees Rayo _ No tall ...csesscsccsescesessess Very rapid w+ 


10 50 eoveve an let mag.* COePoneacncels ss BOSsatesedtbessiecesStevecee Stene COR er eOReeceses Rapid Beewacncees 
9 20 eneces on 2nd mag.* . aceeoonve White OOo ger doe Streak .. oseces CoeSsenrcettecoe Rapid secrecy 


17 9 22 Ceeece = 6th mag.* Hoetsctovslsces COoeveesosacacie OPacosesevceceene SCeececessasevenivesevesed O82 waoesete- 
9 31 ecopee) am y. PceeecerescdOPogzces Yellow.. | TAIN Coe cevesreccecacocen eses Rapid oecn ceneeees 


10 28 ......] = 1st mag.*........000. Colourless .../Traim .....sccccssseevesee coe ROMPIE cecaccseee 
10 36 eesese == Ist mag. ot eanevese Colourless eee Train COPS Ce cogettesgoateas Rapid SOC mecverers! 
12 47 ...9..]== lst mag.*...,.....0--(Colourless ...{Streak ...,...ccsssscscesgesssfRODIG ...000. os ote 


12 48 eveves = 3rd mag.” Cesoseese Colourless ee aceeacese coos @easeseve Rapid weveessacess 
12 49 aeetes a Ist mag.* evacevecsreea Yellowish areeece ‘TStreak C9Be 2e900Se vegeseae 4 Very vapid eeeere 


Miscellaneous 


1853. | hms Large, $ diameter of|Very bright... Train with prismatic tints,|About 3 secs. 4 
Oct. 28) 3 57 p.m.| moon. 2° broad and 5° long. | ploded, after 
, ing through 15°. 
1854. 


April 1/10 5 p.m. |Bright meteor.........jAtfirst full red,|/Leaving a strong streak OF 6 BROS. «0-00 
. changed to} light for a second 
blue, in-] disappearance. 
creased in 
brightness, 
& vanished. 
Several smalle” me- 
ing. teors, replaced by 
the formation of a 
white cloud. 
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Direction or altitude. General remarks. Observer. Reference. 


orizontally moved northwards .».|Obeervatory, E. J. Lowe, Esq.|E. J. Lowe’s MS, 
from 1° above the Pleiades. Beeston. 
spendic. down through Bl eccsccvesses Ibid... coe orese Oo bid. eoves @evegasoue Ibid. 


Tid... .cccscovoseces Ss. Watson, Esq.. Ibid. 


rpendic. down in S.E. tolAs light as day ... 
within 15° of horizon. Bro 
into several fragments. 

issed through 3 Hydra 


Thid...c..cenccscsees E. J. Lowe, Esq. Ibid. 
No. 13 Canis Mincgis. 


SORE gRECasQecogesHessesse 


men 

rpendic. down through AjIncreased in bright-Ibid.............+0 TDid...........0ene. Ibid. 

Passiopei. Broke into frag-| ness, ° 

men 

rpendic. down from 3 U secccoecsccncececocces LOI. cecccceccerece| LO rescccrecesconel ADI 
inoris. 


be up in E.S.E. and burst inj...... aperPoseasescarese 

um A to between B and 3 Anelc...cccecssecesoresece-[IDIC.oeeseseees csvea[A. a H. Lowe,|Ibid. 

dromedze. Bag 

A to between 3and A An-i... Paeopperteventopecspege Nottingham...... Rev. Swana bd Ibid. 
medze. 

0m « Herculis to néar «a Ser- eeeres eee e Thid.....scccccccees Ibid... ....sccccccese Ibid. 


seclessectcosccesecccee «ee (OD8er. Beeston Mrs. E. J. Lowe.|Ibid. 
um 6 Cygni perpendic, down)....osscscrscccseeeseeee Highfield House. J. Lowe, Esq-/[bid. 


Highfield Honse/A. Lowe, Esq....|Ibid. 
beervatory. 


bservatory. 

‘on « Coronm northwards oeee Ibid Oocveve peceveces [DId....cccreseceess Ibid.: 

‘ TbIA.....00000 eevee 11) {bid. 
seed midway between «and Gl. " sscccouecseeaelODeervat _ ; we, Eeq. Ibid. 
and between 3 and y Urse : 
Majoris, passing across the 
stars No. 42 Urese Majoris 
and No. 7 Canum Venatico- 
Yum, 
tom A Ceti to near a Ceti ...|ccssscccscsonrseceeeees TDid...cccccsscscece Ibid.........cescees Ibid 
ised 1° under Polaris andjBetween 7h and 15®!Ibid......c...0cess- [Did......0ccceeeees Ibid. 
crossed between y and # Urse| th 

than 200 meteors. 
Observations. 

1. at disappearance about!.........0+++ aseceeees .[Beeston, Milden-(E. J. Lowe, Esq.,/MS. See Appendix, 
10° EB. of N P ball, Burnham and = neweral| No. IV. 


winces other] other observers. 


‘om S.E. to N.W. -horizontally, Light seen within Brhoondale, Nor-|J.Crompton,Esq.|MS, communica- 
south of Regulus. Alt. 35°.| doors, and with) wich. tion. 
candle-light. 
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Observations of Meteors, made at Midhurst, by C. Butarp, B.A., MB. Ms, be, ! 
as found in Argelandets Ura- 
Hour. . Mean places for | Mean places for 
No.| Date. | | Apparent Bright. 1840 of A. 1840 of B. 
Greenwich] Magnitude. | ht? 0 ———— - —____— 
Mean Time .| RA. | Decl. | Ra. | Dect 
1853. | hm s , 
183| Aug. 10} 9 51 45 |s Pegasi ......|White eb 43 6126 | 7210! 664 
184 9 58 15 |6 Pegasi ...... Blue...... 55 50 | 62 36| 4630! 58 00 
185 10 7 28/6 Pegasi ...... Blue...... 325 38 | 10 15 | 39630] 620 
186 107 30 f Pegasi ...... Blue...... 32446! 157] 319 30 | -0 7 
187 10 15 30 {6 Pegasi ...... Blue...... 328.15 | 245 | 321 30 | —3 s | 
188 10 20 00's Pegasi ...... Blue...... 344 00 | 20 10 | 335 30 | 12 50 
189 10 23 80 6 Pegasi ...... Blue...... 332 30 | 32 12 | 328 00 | 22 30 
190 10 31 00/a Lyre x2 ...|Blue...... 70 00} 8100| 95 51 | 87 00 
191 11/10 48 ole Arietis ......|Blue... 312 00 | 20 00 | 305 00: 15 00 
192 10 52 05 |« Arietis ....../Blue..... 3 56 | 26 00 | 360 00 | g 55 
193 12/10 6 00/e Lyre......... Blue...... 2100 | 5800| 215 | 47 50| 
194 27| 8 42 00 Arcturus x4...[Red ...... 200 00 | 56 00 | 187 30 | 4900, 
195 28| 10 28 00 B Pegasi ...... Blue...... 273 00 | 37 30 | 266 30 | 26 00) 
196 10 38 00 la Lyre x2 ...|White ... 173 00 | 56 00 | 162 00 | 5800). 
197 11 20 00 '« Lyre —0-25.|Blue...... 124 00 | 56 30 ve | wees 
198 29] 11 30 30 la Lyre......... Blue...... 10 00| 53 30/| 21 30/ 49 50 
199] Oct. 20/10 9 Ree Lrrex ...[Blue...... 143 | 2624/3383 35 | 1421 
200| 98! 6 40 26 a Lyree.........|Blue...... 137 46 | 75 00 | 156 00 | 72 00: 
201] 9 46 26 . Tauri ......(Red ...... 70 00| 8035) 85 9] 87 17, 
202| Nov. 1] 9 56 56/« Tauri ...... Red ...... 318 00! 31 56 f 
203 9 58 56 |p Pegasi ......|Blue...... 337 00 | 12 10 | | [No places are 
204 3| 8 38 56/6 Pegasi ...... Blue... 296 00 | 27 00 Oval meteors ] | 
205 10 36 5616 Pegasi ......\Blue...... 88 00 | 43 20 | | Smallmeteors] |, 
206 10 46 16 |« Lyre x3 ...|Blue...... aa 6430) 8 00] 4000: 
207 11 13 21 6 Pegasi ...... Blue...... 05 | 42 00 | 26 30 .. 
208 12 23 56 (6 Pegasi ...... Blue...... 0-25 | 293 00 | 48 00 | 302 00 | 46 00 
209 8112 43 56 (6 Canis ...... Blue...... 10 | 10940! 8 36 - 
210 13 20 41 [6 Pegasi ...... Blue-red.| 0°5 | 357 30 | 87 50 eee 


Nov. 9th, 10th, 11th and 12th, ) shining, no meteor seen. 


APPENDIX. 
No. I.—On a Luminous Beam. 


Extracts of two letters from W. R. Birt, Esq. to Prof. Powkxt. 


[Though the phenomenon here described does not strictly come under the 
denomination of Juminous meteors, yet, as from certain theoretical infer- 
ences made at the end, it may have a connection with the subject, the 
communication is here inserted. ] 

[Jan. 15, 1850.]—“I obtained an observation of an interesting phenomenon 
on the evening of the 7th inst. It was a faint but very distinct light, less 
bright and more diffused than the Via Lactea, which was very distinct at the 
time. It occupied the south-west portion of the heavens, possessed a trian- 
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nd mean places ofa, b, ¢ oe for 1840, from Stars of Comparison, 
e: 


iometria Nova. 


Train or sparks. Remarks. 


BA 
i 
88 00 | 6b 38 +56 00 od 
4445| 52 6 +50 00 00 
328 90 2 00 +50 00 00 
313 2|— 5 20 +50 60 00 
318 8 |-12 5 +50 00 00 
333 91 |— 2 11 +50 00 00 
327 00 | 33 45 +50 00 00 
171 00 | 85 15 +50 00 00 
a 
30215; 9 42 +50 00 00 3 
363 50 | 38 00 +50 00 00 Z 
359 00 | 38.30 +50 00 00 £ 
176 00 | 38 00 +50 00 00 
959 00 | 13 30 +50 00 00 g 
148 00 | 59 380 +50 00 00 5 
56 20 450 00 00 £ 
46 00 +50 59 46 _ 
—7 29 Motion very swift, described a very large arc. % 
=| 
67 4 ) shining. = 
87 20 fe 
28 00 
2 5 
13 20 +50 59 46 
40 00 +50 59 46 iCloudy on the 4th, 5th, 6th, 7th. 
10 00 | 450 59 46 


ame eww Ee 


33 45 | —2 56 | +50 59 46 

36 30 | —2 56 | +50 59 46 |No meteor seen between 11° and 12°. 
2 50 

44 00 


~—2 56 | +50 59 46 
—2 56 | +50 59 46 |Namber 210 appeared blue, and disappeared 
red, thus— 


(blue) —— — 
ee (red) 
gular form, had its apex near the planet Saturn, and was inclined to the 
horizon at about the same angle as the eqguinoctial, in this respect being to- 
tally different from the zodiacal light. That the phenomenon was ofa per- 
sistent character, at least for six days, appears pretty evident from my having 
obtained another view of it, though not under such favourable circumstances, 
on the evening of the 13th, at the same hour, 7 p.m. On the last occasion, 
its lower portion was concealed by mist, but the light above the mist was 
very discernible, aud the dark space of sky between the faint light and the 
Via Lactea very distinct. The edge was decidedly rectilinear, and almost 
parallel with the equinoctial, as determined by comparison with the stars a 
and y Pegasi; and the apex extended beyond the planet Saturn.” 

[ Feb. 14, 1850. ]—*“‘I have received a very interesting communication from 
the Rev. J. B. Reade, Vicar of Stone, near Aylesbury, relative to the lumi- 
nous beam which I first observed early in January. I have obtained obser- 
vations of this interesting phenomenon on every clear evening during the 
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absence of the moon since, in the course of which some very important- 
features have presented themselves: the apex has very steadily advanced 
along the eclipétc, and the pheenomenon has increased in brilliancy with alter- 
nations. When I first observed it, the apex coincided with the position of 
Saturn ; last evening, the luminous triangle being very distinct, the light 
stronger than I had before observed it, and forming a rather conspicuous 
object in the west, the apex was observed about 29° Y. ‘This progression is 
rather less than the sun's daily change of place in the ecliptic. The position 

which the phenomenon now occupies may be thus marked out; a line pass- 

ing from 29° ¥ near and to the south of y» Pegasi. leaving a Pegasi more to 
the north than y, and meeting the horizon about one-quarter point north of 
W. by N., will indicate the upper or northern edge. A line drawn from 

the apex 29° Y¥ near to and to the south of Saturn, will point out the lower 

or southern edge. It will be observed from this description, that the main 

body of the light is seen from this observatory between Saturn and y Pegasi, 

and nearly filling that apace the axis may be described by a line Passing 

from 29° ¥ past e and ¢ Piscis, crossing the equinoctial colure at 5° north 

dec., and meeting the equinoctial about 340°. Such is the general posi- 

tion which the luminous triangle now occupies, and it was not very materially 

different on the evening of the 7th. When Mr. Reade observed it, he evi- 

dently saw a similar appearance to that which I observed, but it was in a 

different position ; instead of the upper or northern edge cutting the horizon 

at W. by N., the lower or southern edge rose from this point, so that the whole 

body of light was seen more northerly at Stone by its own breadth ; this is 

very remarkable: Mr. Reade has sent me a drawing of the triangle, from 

which it appears that the apex was seen between the stars a Andromeda and 

y Pegasi; the upper edge passed very near but to the north of /3 Pegasi and 

¢ Cygni, and the lower very near indeed to a Pegasi. Mr. Reade’s observa- 

tions are corroborated by those of Mr. Grace, who saw the phenomenon on 

the evening of the 6th; he observed the apex in the square of Pegasus. 

This large displacement for so small a distance between the stations is very 

important in tracing out the cause of the phenomenon, and it woald be very 

desirable to augment the number of stations in March, if (as it appears very 

probable) the triangle should appear in the early part when the moon is 

absent.” 

Mr. Birt adds a conjectural suggestion that this beam may be the appear- 
ance of part of a ring of cosmical matter reflecting the sun's rays, inclined to 
the plane of the earth's orbit at about the same angle as the equator, and 
having its node situated near the firat point of Aries, not crossing the 
earth’s path at that point, but approaching it most nearly towards the end of 
Aquarius, or in the beginning of August; at which time he points out the 
direction of a line from the earth coinciding with the direction of the sup- 
posed ring, i.e. nearly parallel to the equator, will point to the constellations 
Cassiopeia through Perseus and Capella. These hypothetieal conditions, he 
thinks, all concur in pointing to this ring of cosmical matter as the probable 
origin of the August star-showers; while similar considerations as to the 
zodiacal beam, would connect that with the November period. 


No. Il.—Eztract of a letter from Mr. Fasel accompanying his observations. 


‘Stone Vicarage, Aylesbury, Backs. 
* The enclosed observations of luminous meteors were witnessed chiefly by 
myself and the Rev. J. B. Reade; being the continuation of the report sent 
to you in September last. The list is not very extensive, but it is not for 
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want of 2 constant and careful look out that so little information has been 
gathered. On every clear night the heavenly field has been surveyed for 
hours, having myself been watching from about 7 p.m. to 10 p.m., and somes 
times later. From the beginning of August last to the end of November, 
147 meteors only have been registered. This year has been remarkable for 
the paucity of shooting stars. I enclose four diagrams (Plates VI. VII. VIII. 
IX.) of the paths of the meteors, with four planispheres, in which the stars 
are exhibited as they actually appear with relation to each other in latitude 
52° N., at the hour indicated. The diagram Plate VI. shows the paths of 34 
meteors seen in August 1851 and 1852; Plate VIL., the paths of 87 meteors 
witnessed in September 1851 and 1852; Plate VIII., the paths of 86 meteors 
observed in September and October 1853; Plate [X., the patha of 86 meteors 
seen in November last. In the first two diagrams, the black arrows indicate 
the meteors seen in 1851; the dotted, those seen in 1852. In Plate VIII,, the 
black arrows indicate the meteors seen in September last, and the dotted 
those seen in October. The paths of all the meteors were first laid down 
on the planispheres from the point of first appearance tuo that of extinction, 
and then counterdrawn on the other side. ‘The numbers against the arrows 
indicate the magnitude of the meteors. 
“Rev. Prof. Powell.” “F. Vy. Fasec.” 


No. I]I.—Boguslawshi’s Researches. 

In Poggendorff’s ‘ Annalen,’ (supplementary volume iv.), M. George von 
Boguslawski has published a paper entitled ‘ Tenth Supplement to Chiadni’s 
Catalogues of Meteors,’ &c., which he gives as his own first continuation of 
nine preceding supplements by Von Hoff and Kamtz, which have appeared in 
successive previous numbersof Gilbert's and Poggendorff’s Annalen. This paper 
contains a considerable collection of notices of remarkable meteoric phssno- 
mena, and it is intended altogether as a prelude to a larger work on the sub- 
Ject, and includes a brief summary of puinte there to be treated in detail. 

In these brief notices, omitting the ordinary observations of smaller shooting 
stars, he confines his descriptions chiefly to the large fire-balls, especially 
those attended by sparks, trains, explosions or other remarkable appearances ; 
and to those phenomena, such as the fall of metallic masses, and especially 
the periodical star showers, which present any peculiar features of interest in 
a physical point of view. 

This collection will be of peculiar value towards any examination of these 
more striking pheenomena, which are probably the most calculated to guide 
us to some physical theory of their nature. | 

The title of his intended work is ‘ Die Sternschnuppen, feuerkugeln und 
Meteorite in ibrer kosinischen Bedeutung’. 

He informs us that the catalogue of Chiadni and von Hoff were brought 
up to the year 1836 by Kamtz. Latterly in most countries similar catalogues 
have been draw@up: e instances those of the British Association, Quetelet, 
and Chasles. The catalogue of the latter is from the year 583 to 1123; and 
it appears that from the year 741 for a century, many meteors always oc- 
curred in February, which Chasles identifies with the present November pe- 
riod, which in 125 years by means of a displacement of the orbit of these 
Meteoric asteroids would advance one month further. He gives a short ac- 
count of various other catalogues, those of Ed. Biot, Alex. Perry, Herrick, 
Quetelet, Coulvier Gravier, though they refer more to smaller falling stars 
than to fire-balls. 

His own “ supplementary catalogue” consists of two divisions ; the first of 
meteoric stones, from 642 B.c. to 1835 A.D., includes only authenticated ac- 
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counts, with the description and analyses of the masses found. He is an- 
xious to gain some light on the hitherto uncertain point of the nature of the 
material which has been seen to fall from shooting stars or fire-balls :—the 
second part forms a continuation of the Chladni and Hoff catalogues from 
1835 to 1850 (inc.) giving all the accounts he could find of fre-balls and 
meteoric stones; and here he avails himself of all the sources of information 
he could meet with, Silliman’s Journal, British Association Catalogue, and 
a variety of smaller publications and papers, which it was laborious to 
select and arrange. 

M. Boguslawski mentions an interesting work of M. F. S. Schweigger, an 
introduction to Mythology, as viewed in reference to natural science (Halle 
1836), which pressed upon him sume interesting considerations upon the sig- 
nification of the “‘ meteorcultus " of the ancients, and of their knowledge of the 
meteoric masses :- these he will impart in his future work. 

He alludes particularly to the system recommended and pursued by the 
British Association, of which an account is given in the Edinb. Phil. Journ. 
vol. |. p. 357. He remarks, ‘that a general catalogue of all the meteoric 
appearances on the earth, from which we could derive information as to the 
nature of these bodies and their distribution in time and space, can only be 
obtainable by a uniformity and completeness in the observations, and their 
being all communicated to one central depository, where all single catalogues 
may be compared and worked into one.” 


No. IV.—Zarge meteor seen in the daytime. : 

1853, October 28¢ 3° 57™ p.m. This extraordinary meteor moved nearly 
perpendicularly down, inclining to east. It was first seen asa circular body 
of about half the apparent diameter of the sun, being accompanied by a stream 
of light ; afterwards it increased in size to almost the diameter of the sun, and 
then burst into fragments, with an explosion. The report of the explosion was 
from ] second to 8 seconds after the meteor had disappeared, and resembled 
distant thunder. The meteor passed over 15° of space, disappearing $0° E. 
of N. at an altitude of about 10°, duration $3". It was very brilliant, shining 
with a somewhat yellow light. Soon afterwards, near the spot where it had 
disappeared, a band of prismatic colours was visible, being 2° wide and 5° in 
length. This phenomenon when first seen was as brilliant as a rainbow, but 
soon faded, finally disappearing in about 5 minutes. Clouds were dispersed 
over the sky, from behind one of which the meteor appeared and afterwards 
vanished behind a second cloud. The above description applies to a station 
1 mile W. of Beeston Observatory as seen by Mrs. E. J. Lowe. 

The Rev. R. B. Stewart gave a nearly similar description as seen by him- 
self at Beeston. 

Mr. W. Felkin saw the meteor also from Beeston ; he thought it moved at 
first much more obliquely than afterwards. He saw it burst into fragments 
three different times as it moved along. It came from behind one cloud, and 
he is positive that it passed-beneath a second cloud. [Querf? would this be a 
fragment ?—E. J. L.] 

' The Rev. Henry Evans observed the meteor from Mildenhall, Suffolk; it 
was circular, very bright, moved nearly perpendicularly down, inclining to 
E., and bearing a stream of light behind it. 

From a letter signed H. E. Blyth, and dated Burnham near Lynn, Nor- 
folk, the meteor is described as appearing in the NN.W., crossing the meri- 
dian, and disappearing in NN.E. at an altitude of from 5° to 10°, seen for 5". 
Luoked as if it dropped near at hand, i. e. a mile or two off. 

Mr. B. Huntman from West Retford saw the meteor. It.resembled a 

.comet, almost as bright as the sun. It took a direction almost N. to S. In 
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one or two seconds the luminous appearance vanished, but a bluck point 
seemed to continue falling towards the earth. Mr. Huntman went into a field 
where he concluded it had fallen, but could not find it. He says there was a 
strong smell of sulphur in the field. 

The Rev. J. Brooke of Colston Bassett near Bingham saw the meteor from 
five miles S. of Lincoln; it was going in 
a northerly direction and passing from S.W. 
to N.E. The form was somewhat like the 
sketch appended ; when it burst it resem- 
bled a rocket bursting. — 


Mr. G. Warriner noticed it from Normanton Hotel near Wakefield ; it ap- 
peared to vanish at an altitude of 20°. 

It was seen also at Tunbridge. 

From the explosion occurring so soon after disappearance, and from the 
meteor passing beneath a cloud, and from black fragments being noticed to 
fall, it is probable that the noise heard here was from the first explosion 
(when nearest over head, this would give an altitude of about 14,000 yards), 
and that other fragments fell elsewhere. The newspapers describe fragments 
as having been picked up in Hanover.—E. J. Lowe. 


SS 


Second Report of the Committee, consisting of the Earl of Rossg, 
the Rev. Dr. Ropinson, and Professor PH1ILLiPs, appointed by the: 
General Committee at Belfast, to draw up a Report on the Physical 
Character of the Moon’s Surface, as compared with that of the 
Earth. 


THe Committee have on this occasion to report that two of the eminent 
persons whose co-operation they had the good fortune to secure, Professor 
Challis and Professor P. Smyth, have sent in communications and drawings, 
according to the request of the Committee, and that some steps have been 
taken by one of their own members for at least putting in train for further 
progress the photographic experiments on the moon, of which some pre- 
liminary notice was delivered to the Hull Meeting. The new communica- 
tions alluded to will be presented to the Section at this Meeting. 
(On behalf of the Committee) Joun PHILLIPS. 


“ Drawings of different Features of a portion of the Moon's Surface, com- 
prising Plato, the Alps, the Valley of the Alps, and Cassini. 
“‘ Cambridge Observatory, September 18, 1854. 

‘ These drawings were made under my direction by my senior assistant, Mr. 
Breen, with thegNorthumberland Telescope of the Cambridge Observatory. 
They were all sketched at sight, and were taken at various ages of the moon 
for the purpose of obtaining indications of the forms and configuration, both i 
plano and in relief, of the different parts of the portion of the moon’s surface 
which has been allotted to me for mapping. They are, therefore, only to be 
considered as preparatory and auxiliary to a final delineation. A few mi- 
crometer measures accompany them. It is proposed hereafter to multiply 
the micrometer measures for the purpuse of correcting the ir, and 
connecting them together, and for reducing all to the same scale. On and 
after September 1, 1854, Mr. Breen made use of a shade of glass slightly 
green, the effect of which is to take off the glare of strong moonlight, and to 
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produce a tint by which the distinction between the lighter and darker shades 
on the moon's surface is more perceptible. To my eyes the greenness of the 
shade soon vanishes, and the eventual tint isa subdued white. [On re- 
moving the green glass and looking at the moon’s surface, the complementary 
pink colour is strongly developed.} All the uecessary explanations are 
given on the cards upon which the drawings are made, and in the notes 
attached to them. “James CHALLIS.” 


“ Interim Report on the ‘Mare Crisium and its Shores.” 
By Professor C. Prazzi Smaytu. 
“‘ September, 1854. 

“ Three large drawings of this lunar region are transmitted herewith, ex- 
hibiting it under the three different phases of incident light recommended 
by the Lunar Committee of the British Association. They are likewise re- 
duced to a mean state of libration, and are on a scale of 98 inches to the 
diameter of the body. 

‘“‘ Ten original sketches made at the telescope, and on which the above com- 
positions have been framed, are also sent, with notes and explanations, as well 
as a skeleton map for identification of features and places. 

‘The magnifying power employed, which was the highest possessed, and 
unfortunately too much for the indifferent quality of the object-glass, was 
about 200. But experience has shown that the power of not less than 
1000, as recommended by the Committee, with suitable size and quality 

of object-glase, would have been in the highest degree advantageous. 
7 4“ Practice and experience brought to view so many decided and interesting 
features of colour, that the monochrome proposed was exchanged for the 
usual landscape box of colours, ground up first with water, but afterwards 
with oil, the latter mode appearing preferable, os white had as often to be 
put in on black, as black on white. 

« Situated so close as the Mare Crisium is to the limb of the moon, the 
effects of libration were found so extensive in altering the perspective, and 
the consequent apparent form of mountains, as well as the shade of slopes 
for any constant age of the moon, that special measures had to be taken to 
correct for it. 

‘¢So extensive a surface as that proposed to me, vis. the ‘ Mare Crisiem 
and its shores, can hardly be done justice to by only one drawing in each of 
the prescribed incident lights; for when one boundary is exhibiting the 
lights and ehadows of elevation and depression in the most instructive 
muuner, the opposite boundary is then beginning to show those physical and 
often very diverse phenomena which are brought out by a vertical illumina- 
tion. 

“ After the greater number of the sketches had been obtained, and not 
till then, Beer and Madler’s map was referred to. The result then went to 
show its exceeding great accuracy and admirable completeness in topo- 

raphical particulars, expressed in a certain conventional style; but it failed 
in giving the physical and mechanical features, as they are seen in the tele- 
scope, as they exist in nature, and in the form they are required to be seen 
in for the purpose of enabling any geological speculations to be safely 
indulged in. 

‘‘ Indeed it is radically impossible for any one map to give all the features; 
for the shading which is introduced to express the depth of a crater, and its 
blackness at the new or old moon, is at once and directly opposed to the in- 
dication of the excessive whiteness of its internal walls, as revealed at the 

ull moon. 
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“In the drawings now presented exactly such a case is offered by the crater 
Proclus, whoee walls, by the way, are 2o¢ broken through towards the north, 
as shown in the German map. 

“ Equally difficult is it on any one map, and that on a small scale, to exhibit 
how completely the monster craters of Macrobius and Cleomedes, with the 
high conical mountains N. and S. of Proclus, and the cliffy and vertically 
stratified ranges on the N.W. border of the Mare, disappear under a vertical 
illumination,—while then come fourth the bright radial markings of Proclus, 
and a large and bright inroad into the Mare, completely altering its contour 
at that part. Moreover, the crater of Proclus, with its internal walls so 
brilliant and so sharply defined, then becomes the prominent object of all 
that region, though with the side light it is least so. Hence Russell's idea 
with his Lunar Maps, of keeping one sheet for the phenomena of a vertical 
light, and another for those of the side light, was good in principle; but the 
small scale he adopted, and the imperfect execution, render his plates useless 
for researches in the present day. 

“In conclusion, I have only to add, that of the large drawings,— 


No. 1 shows the Mare Crisium at New Moon; 


No. 2 » ” Full Moon, or a little before, 
to show vertical illumina- 
tion ; 

No. 3 ” ”? Old Moon; 


and that in all of them most attention has been given to the N.W. region, 
and the craters there adjacent, while little or nothing has been attempted in 
the region between the Mare and the moon’s limb. p 

“C. P. 8.” 


On the Application of Water-pressure Machinery. 
By W. G. Armstrong, F.R.S. 


[A communication ordered to be printed among the Reports.) 


Tre employment of water pressure as a mechanical agent having recently 
undergone a great and rapid development, I may be permitted to make a 
few observations on the successive steps by which its present importance has 
been attained. In so doing I shall commence with the year 1846, in which, 
after many preliminary experiments, I succeeded in establishing upon the 
public quay at Newcastle-upon-Tyne, the hydraulic crane which has formed 
the basis of what has since been effected. 

This crane both lifted the weight and swung round in either direction by 
the pressure of water, and was characterized, like all other hydraulic cranes 
since made, by remarkable precision und softness of movement, combined 
With great rapidity of action. 

The experiment thus made at Newcastle having proved satisfactory, I 
soon afterwards obtained author'ty, through the intervention of Mr. Hartley, 
the Dock Surveyor of Liverpool, to construct several cranes and hoists upon 
the same principle at the Albert Dock in that town, where they were ac- 
cordingly erected, and have ever since continued in operation. 

The next place at which these cranes were adopted was Grimsby New 
Dock, where an important step in the advancement of this kind of machinery 
was made on the suggestion of Mr. Rendel, who pointed out its applicability 
to the opening and closing of dock gates and sluices, and instructed me to 
iy its application to those objects. An extensive system of water-pres- 
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sure machinery was accordingly carried out at that dock, and the result 
afforded the first practical demonstration that the pressure of a column of 
water could be advantageously applied as a substitute for manual labour, 
not merely for the cranage of goods, but also to give safe and rapid effect to 
those mechanical operations which are necessary for passing ships through 
the entrances of docks. 

In all these instances the moving column of water was about 200 feet in 
elevation. At Newcastle and Liverpool the supply was derived from the 
pipes communicating with the town reservoirs, but at Grimsby a tower was 
built for supporting a tank into which water was pumped by a steam-engine. 
In the former cases, the fluctuation of pressure, consequent upon the variable 
draught from the pipes for the ordinary purposes of consumption, proved a 
serious disadvantage ; but this objection had no existence at Grimsby, where 
the tank upon the tower furnished a separate source of power, undisturbed 
by any interfering conditions. Nothing could be more effectual for its par- 
pose than this tower; but, in the natural course of improvement, I was sub- 
sequently led to the adoption of another form of artificial head, which 
possessed the advantage of being applicable, at a comparatively small cost, 
in all situations, and of lessening the size of the pipes and hydraulic ma- 
chinery, by affording a pressure of greatly increased intensity. 

The apparatus thus substituted for a water tower I named “ the Accumr- 
lator,” from the circumstance of its accumulating the power exerted by the 
engine in charging it. The accumulator is, in fact, a reservoir giving pres- 
sure by load instead of by elevation, and its use, like that of every provision 
of this kind, is to equalize the strain upon the engine in cases where the 
quantity of power to be supplied is subject to great and sudden fluctuations. 

The construction of the accumulator is exhibited in Plate I. fig. 1, and needs 
but little explanation. It consists of a large cast-iron cylinder, fitted with a 
plunger, from which a loaded weight case is suspended, to give pressure to the 
water injected by the engine. The load upon the plunger is usually such 2s 
to produce a pressure in the cylinder equal to a column of 1500 feet in ele- 
vation, and the apparatus is made sufficiently capacious to contain the largest 
quantity of water which can be drawn from it at once by the simultaneous 
action of all the hydraulic machines with which it is connected. Whenever 
the engine pumps more water into the accumulator than passes direct to the 
hydraulic machines, the loaded plunger rises and makes room in the cylinder 
for the surplus; but when, on the other hand, the supply from the engine is 
less, for the moment, than the quantity required, the plunger, with its load, 
descends and makes up the deficiency out of store. 

The accumulator also serves as a regulator to the engine; for when the 
loaded plunger rises to a certain height, it begins to close a throttle valve ia 
the steam-pipe, so as gradually to reduce the speed of the engine until the 
descent of the plunger again calls for an increased production of power. 

The introduction of the accumulator, which took place in the year 1851, 
gave a great impulse to the extension of water-pressure machinery, which is 
now either already applied, or in course of being applied, to the purpose of 
cranage throughout all the great dock establishments in London, as also to 
a considerable extent in Liverpool and-other places. I have also applied it 
extensively to railway purposes, chiefly under the direction of Mr. Brunel, 
who has found a multitude of cases, involving lifting or tractive power, in 
which it may be made available. Most of these applications are well exempli- 
fied at the newstation of the Great Western Railway Company in London, where 
the loading and unloading of trucks, the hoisting into warehouses, the lifting 
of loaded trucks from one level ta another, the moving of turn-tables, and the 
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hauling of trucks and traversing machines are all performed, or about to be 
so, by means of hydraulic pressure supplied by one central steam-engine with 
connected accumulators. Mr. Rendel also, after having successfully adopted 
the low-pressure system to the working of the gates and shuttles at Grimsby, 
has since applied the high-pressure, or accumulator system, to the same pur- 
poses at other new docks, and a similar adaptation is being made by other 
eminent engineers at most of the new docks now in course of construction. 

I have also adapted hydraulic machinery to the opening and closing of 
swing-bridges and draw-bridges of large dimensions; and, in fact, there is 
scarcely any mechanical operation to which human labour has been hitherto 
applied as a mere moving power, which may not be efficiently performed by 
means of water-pressure emanating from a steam-engine and accumulator. 
Even if hand-labour be retained as the source of the power, the intervention 
of an accumulator will in many cases both economise labour and increase 
despatch. For example, a pair of heavy dock-gates requires the constant 
attendance of a considerable number of men whose labour is only called into 
action occasionally, viz. when the gates are being opened or closed. Now, 
if an accumulator, charged by hand-pumps, were used, the labour employed 
would be constant, instead of occasional, and the power collected in the ac- 
cumulator hy the continuous process of pumping would be given out in a 
concentrated form, and thus the ultimate result would be effected with fewer 
hands and greater despatch than where manual labour is directly applied. 

The form of pumping-engine which I generally use for charging the accu- 
mulator is represented in Plate II. fig. 2. It consists of a horizontal steam- 
cylinder, with two force-pumps connected directly with the piston. These 
force-pumpe are supplied with water from a cistern over the engine-room, into 
which the water discharged by the cranes is generally brought back by a 
return-pipe, so that the water is not wasted, but remains continuously in use. 

With a pressure representing a column of 1500 feet, the loss of head by 
friction in the pipes forms so small a deduction from the entire column as 
to be a matter of no consideration, and consequently the distance at which 
the engine may be situated from the points where the hydraulic machines 
may be placed is of little importance, except as regards the cost of the pipe. 
It is advisable, however, if the pipe be very long, to apply an accumulator at 
each extremity, so as to charge the pipe from both ends. 

With regard to the mechanism of hydraulic cranes, the arrangement which 
I first adopted, and have ever since adhered to, consists of one or more 
hydraulic presses, with a set of sheaves, used in the inverted order of blocks 
and pulleys, for the purpose of obtaining an extended motiun in the chain 
from a comparatively short stroke of the piston. This construction, which 
characterizes nearly all the varieties of the hoisting and hauling machines to 
which I have applied hydraulic pressure, is exhibited in Plate III. fig. 3, which 
represents one of these presses with sheaves attached, to multiply the motion 
fourfold. In cases where the resistance to be overcome varies very consi- 
derably, I generally employ three such cylinders, with rams or pistons acting 
either separately or conjointly upon the same set of multiplying sheaves, ac- 
cording to the amount of power required. 

In hydraulic cranes the power is applied, not only for lifting the load, but 
also for swinging the jib, which latter object is effected by means of a rack 
or chain operating on the base of the moveable part of the crane, and con- 
nected either with a cylinder and piston having alternate motion, like that of 
& steam-engine, or with two presses applied to produce the same effect by 
alternate action. | 

The absence of any sensible elasticity in water renders the motions 
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resulting from its pressure capable of the most perfect control, by means of 
the valves which regulate the inlet and outlet passages of the machines; but 
this very property, which gives so much certainty of action, tends to cause 
shocks and strains to the machinery, by resisting the momentum acquired 
by the moving parts. Take, for example, the case of an hydraulic crane 
swinging round with a load suspended on the jib, the motion being produced 
by the water entering on one side of a piston and escaping from the other. 
Under such circumstances, if the water passages be suddenly closed by the 
regulating valve, it is obvious that the piston, impelled forward by the mo- 
mentum of the loaded jib, but met by an unyielding body of water deprived 
of outlet, would be brought to rest so abruptly, as to cause, in all probability, 
the breakage of the machine. So, also, in lowering a heavy weight with 
considerable velocity, if the escape-passage be too suddenly closed, a similar 
risk of injury would arise from the abrupt stoppage of the weight, if a 
remedy were not provided; but these liabilities are effectually removed by 
applying, in connexion with the water passages to the cylinder, a small 
clack-valve, opening upwards against the pressure into the supply pipe, so as 
to permit the pent-up water in the cylinder to be pressed back into the pipe 
whenever it becomes exposed to a compressive force exceeding the pressure 
on the accumulator. By this means all jerks and concussions are avoided, 
and a perfect control over the movement of the. machine is combined with 
great softness of action. 

With regard to the kind of valves used for water-pressure machines, I find 
that either lift-valves or slide-valves may be effectually applied, and kept 
tight under heavy pressures, provided that sand be excluded from the water, 
and the valves be made of proper material. 

In cases where a more prolonged movement is required than multiplying 
sheaves will conveniently afford, I employ rotative machines of various con- 
structions. For heavy pressures, such as an accumulator affords, an arrange- 
ment, consisting of three plungers, connected with a triple crank, and bearing 
a general resemblance to a three-throw plunger pump, is well adapted for the 
purpose. The admission and exhaust valves are mitred spindles, pressed 
down by weights and levers, and lifted in proper rotation by cams fixed for 
that purpose upon a separate shaft, and these valves are associated with 
relief-clacks, to obviate the concussion which would otherwise be liable to 
take piace at the turn of each stroke. 

The liability of water-pressure machinery to be deranged by frost has 
often been adduced as an objection to its use; and upon this point I may ob- 
serve—first, that I have never experienced any interference from this cause 
when the machines were placed, as they generally are, beneath the surface of 
the ground, or within a building ; and secondly, that when they are uu- 
avoidably exposed, all risk may be prevented by letting out the water in 
frosty weather whenever the machines cease working. 

When the moving power consists of a natural column of water, the pres- 
sure rarely exceeds 250 or 300 feet, and in such cases I have employed for 
rotative action a pair of cylinders and pistons, with slide-valves, resembling 
in some degree those of a high-pressure engine, but having relief-valves, to 
prevent shock at the turn of the stroke. Plate III. fig. 4 shows a slide-valve 
adapted for the turning apparatus of a crane, but the relief-clacks of which: 
are equally applicable to a water-pressure engine of the construction in ques- 
tion. Two of these clacks open against the pressure in the supply-pipe, 50 
as to afford an escape for the water, which would otherwise be shut up in the 
cylinder when the exhaust port closes, and the other two communicate with 
the discharge-pipe, so as to draw in a portion of waste water to fill up the 
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small vacancy which would otherwise be left in the cylinder on the closing 
of the admission port. About four years ago I constructed four hydraulic 
engines upon this principle at Mr. Beaumont's lead mines in Northumber- 
land, at the instance of Mr. Sopwith, Mr. Beaumont’s well-known agent, and 
two more have recently been added at the same place. They are used for 
crushing ore, for hoisting materials from the mines, for pumping water, and 
for driving a circular saw and other machinery. 

If in progress of time railways should be generally extended into moun- 
tainous districts, so as to render them accessible for manufacturing purposes, 
the rapid streams which abound in such localities will probably become 
valuable sources of motive power, and a wider field may then be afforded for 
the application of water-pressure engines to natural falls. 

The object, however, which I have chiefly had in view since I first gave 
attention to this subject, has becn to provide, in substitution of manual labour, 
a method of working a multiplicity of machines, intermittent in their action, 
and extending over a large area, by means of transmitted power produced 
by a steam-engine and accumulated at one central point. The common 
mode of communicating power by shafting could only be applied in cases where 
the machines were collected within a small compass, and where the accumu- 
lation of power necessary to meet varying resistance did not exceed that 
which a fly-wheel would afford. Compressed or exhausted air was almost 
equally inapplicable to the purposes I contemplated, in consequence of the 
many objections which its elasticity involves, as well as the liability to leakage, 
which, in an extended system of pipes and machines, requiring a multitude 
of joints, valves, and fitting surfaces, would form an insurmountable difficulty. 
But the use of water as a medium of transmission is free from all these ob- 
jections, and its fitness for the purpose intended is now thoroughly established 
by the results which have been obtained. 

The most recent specimen to be seen in Liverpool of water-pressure ma- 
chinery, as applied to cranage and hoisting purposes, ts that which is now 
nearly completed at the Stanley Dock, where the magnificent warehouses 
lately finished, and in which this machinery is being fixed, will in themselves 
amply repay a visit of inspection. 


On the Equivalency of Starch and Sugar in Food. By J. B. Lawes, 
F.R.S., F.C.S.; and J. H. Giuspert, PA.D., F.C.S. 


At the Meeting of the British Association held at Belfast, we gave a Paper 
“On the Composition of Foods in relation to Respiration and the Feeding of 
Animals,” in which it was illustrated by reference to numerous experiments, 
that as our current food-stuffs go, it was the amounts they supplied of the 
digestible non-nitrcgenous, rather than those of the nitrogenous constituents, 
which ceteris paribus measured both the quantity consumed by a given 
weight of animal within a given time, and the amount of increase obtained 
from a given weight of the dry substance of the food. It was demonstrated 
too by the results adduced, that much more fat might be stored up in the 
animal body than existed as fatty matter in the food cousumed, and it seemed 
obvious that at any rate the chief source of this produced fat must be the 
starchy and saccharine rather than the nitrugenous constituents of the food. 
The investigation now to be recorded might therefore be considered as 
closely allied to, or rather in continuation of the former line of inquiry, the 
point particularly to be illustrated being, the comparative respiratory and 
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fattening capacities of certain of the predominant non-nitrogenous constitu- 
ents of our current vegetable foods; namely, as indicated by the title of our 
Paper, of Starch and Sugar, which enter so largely into the composition of 
such descriptions of food. 

Starch undoubtedly constitutes by far the largest proportion of the digest- 
ible non-nitrogenous matter of the complex vegetable substances, such as the 
cereal grains, potatoes, &c., used as human food ; and it abounds also largely 
in some articles of diet of the lower animals. Sugar, on the other hand, 
although existing to a much smaller extent than Starch in the naturally com- 
bined vegetable diet of Man, yet in one of its forms more especially, it con- 
stitutes an important item in his manufactured vegetable food—and in 
another, is a product in the course of transformation of Starch itself, not only 
in some of our methods of preparing starchy matters for the purposes of food, 
but also in the process of its assimilation by the animal economy. Sugar, 
moreover, occurs largely in the roots and bulbs which at certain periods of 
the year replace the more starchy vegetable products consumed by the 
animals of the farm at other seasons. And, it has frequently been urged, 
that it would be a great boon to the agricultural interest were a consider- 
able portion of the starchy grains used as cattle food, converted by the malt- 
ing process into a peculiar sugar previous to its being employed as food for 
stock. And again, those interested in the growth of cane-sugar have long 
desired to obtain the introduction of the lower qualities of that article duty 
free, for feeding purposes. In many points of view therefore, both scientific 
and economical, it seemed desirable to put to the test of actual experiment 
the comparative respiratory and feeding capacities of Starch and Sugar, which 
from the related chemical composition and characters of the substances 
coming under these heads, have hitherto, on theoretical grounds alone, been 
considered as equivalent. 

The method adopted to this end was—profiting by the experience of past 
feeding experiments—to apportion to the animals under comparative trial, 
in several cases, such a fixed amount of highly nitrogenous food as should 
leave only the requirement for non-nitrogenous constituents in addition; 
which, either in the form of Starch, of Sugar, or both, was then allowed in 
any quantity the animals chose to eat them. In another case, the nitroge- 
nous, the starchy, and the saccharine foods were each allowed ad &bitum ; 
so that by the results of the latter arrangement, a judgement could be formed 
of the sufficiency of the fixed apportionment in the other cases. The amount 
and composition of the respective foods consumed, and the weights of the 
animals at stated periods, form the data for our conclusions. 

The animals selected for experiment were pigs; for, owing to the propor- 
tionally small amount of necessarily effete substance, such as woody fibre, in 
their appropriate food as compared with that of the grass and hay in extinct 
animals, the amount of the dry substance of the food taken represents much 
more nearly in their case the sum of that in the increase and the respiratory 
expenditure than in that of the latter. And owing to this circumstance, and 
to the comparatively rapid fattening tendency of these animals, they give a 
larger proportion of increase in relation to their weight and for a given amount 
of food-constituents consumed than any other animal of the farm. Though, 
even in the case of the pig, as has been proved by our previous experiments, 
more than 80 per cent. of the dry substance of the food is, so to speak, em- 
ployed functionally, that is to say, is eliminated from the body, either in 
the exhalations by the lungs and skin, or in the solid and liquid excre- 
ments, only about 15 per cent. of the whole serving for the increase of the 
substance of the body. ‘Though, as was also shown in our former paper, 
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about twice that amount of starchy, saccharine and proteine matter will 
directly contribute to the formation of the fifteen parts of the mixed nitro- 
genous and fatty substance of the increase ; it being the two former, namely 
the Starch and the Sugar, which chiefly minister to the fatty increase. 

The detailed arrangement of the experiment was as follows :—Twelve 
pigs, carefully chosen for general uniformity as to weight and description, 
were allotted to four peus, three in each, in such manner, that, as far as possible, 
each animal should have its counterpart as to character in each of the other 
pens; and s0 also, that the total weight should be nearly the same in each 
pen. These objects were well attained in the allotments to pens 1, 2 and 3, 
the results of which were to be more closely compared; but in pen 4, the 
animals were somewhat larger in frame and of a more growing character. 
The following were the weights of the animals in each pen when thus allotted 
and put up for the experiment :— 


TABLE I.—Weights of the Pigs when put up for experiment (Ibs.). 


Pig, No. Pen 1. Pen 2. | Pen 3. Pen 4. 
1 95 94 6 | 98 89 
9 79 80 77 87 
3 72 73 74 86 
Total ...... ueCtd|Ctti7 249 962 


After the allotment as above, each lot was fed for a week on its experi- 
mental food before commencing the exact experiment, in order to accustom 
the animals to their new foods and new situation. 

The foods employed were :— 

Lentils—as affording a somewhat concentrated supply of nitrogenous con- 
stituents. 

Bran—as characteristically supplying, besides some nitrogenous starchy 
and fatty matter, a considerable proportion of woody fibre, which, in the case 
of our ruminant feeding animals, seems so essential to give budk to the food. 

Sugar—coarse brown Penang sugar. 

Starch—the “ potato-starch ” of the market. 

In the following Table (II.) is given a summary of the results of analysis 
of the foods; there having been always two determinations or more agreeing 
well together in each case. 


Tas Le II.—Summary of the per-centage composition of the Foods. 
Dry matter. Ash. | Nitrogen. 


Inclusive | Exclusive || In fresh In dry In fresh In dry 
f of ash. substance. | substance. |} substance. | substance. 


83:04 4-280 4-901 4-201 
78-35 5-768 6-856 2-301 
92-79 0808 0-862 |' 0-193 
80-03 0-396 0-492 || 0-167 
| 


Description of 
food. 


It is seen that the Sugar employed contained about 64 per cent. of moisture, 
uearly 1 per cent. of mineral impurity, and nearly 0-2 per cent. of nitrogen, 
equal to rather more than 1 per cent. of nitrogenous proximate, if reckoned 
as proteine compound. The Starch, as has been said, was that sold as “ potato- 
starch,” and is seen to contain very nearly the same amount of nitrogen 
as the sugar, but due in its case to the nitrogenous cell-membrane. In the 
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Starch, however, there was nearly 20 per cent. of water, instead of only about 
64 per cent. as in the Sugar. 

The next Table (iII.) shows the daily allowance per head of each of the 
foods which were given in fixed quantity, and also the amounts consumed of 
those given ad libitum, during each fortnightly period of the experiment, 
which in all extended over ten weeks. 


Tasie JII.—Showing the daily allowance, or ad libitum consumption, per 
head, of each food during the five separate periods, and the total period 
_ of the experiment. — 


[Quantities in lbs. and ozs.] 


] . Ist 2nd 3rd | 4th Sth Average, | 
s Foods—how given. 14 “ays. 14 days. | 14 days. | 14 days. | 14 Sf weeks. 
Lentil Meal. 
j a 
2. | }In fixed quantity...... ,_ 3 0 i 3 0 3 0 3 8 3 8 3 3} 
3. . 
4, | Ad libilum .......sc00. | 4 an 2 10 4 44/ 413 51134 ¢€ 6 
Bran. 
1. 
2. | > In fixed quantity...... 1 0 1 0 0 8 0 4 0 4 0 93 
3. 
4. | Ad libitum ....0...00. 0 63) 0 44) 0 2] O 2] O 1g] O 3 
Sugar and Starch. 
1. | ad Kbieum, Sugar...... 1 73} 110] 2 Ty] 2 23] 1 149] 1 13) 
2. ” Starch ...| 1105 | 1103) 2 23) 2 9 2113] 2 23 
| Sugar...... 014 1 5 1 5 11! 1 627 1 53 
3. ” Starch...... 0133! 1 14] 1:10 1144] 1 7] 1 64 
2 12 


In pens 1, 2, and 3, then, there was throughout the experiment a fixed and 
equal daily allowance per head of the lentil-meal and bran respectively. In 
addition to these, the pigs in pen | had as much Sugar, those in pen 2 as much 
Starch, and those in pen 3 as much, both of Sugar and Starch, as they chose 
to eat. In pen 4, on the other hand, lentil-meal, bran, sugar and starch were 
each given in a separate trough, and ad libitum; from the consumption in this 
pen 4, therefore, the natural inclination of the animals for the different foods 
could be judged of. At the commencement, the allowance of lentil-meal in 
peus 1, 2, and 3 was 3 Ibs. per head per day ; this amount being indicated by 
previous experiments, as about that which would, with the bran to be added, 
afford a due supply of the nitrogenous constituents of food. It was at once 
seen that the pigs in pen 4, which fixed their own consumption of the re- 
spective foods, took considerably more of the nitrogenous lentil-meal than 
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the fixed allowance of the other pens; and after the third period, that is, at 
the end of six weeks, the fixed allowance of lentil-meal in pens 1, 2, and 8 
was increased from $ Ibs. to 34 Ibs. per head per day. In like manner, 1 Ib. 
of bran per head per day was at first given in the pens 1, 2, and 3; but this, 
on the other hand, was much more than was taken of it by the pigs in pen 4. 
The fixed daily ration of bran per head was therefore, after the second period, 
reduced from 1 Ib. to 3 lb., and, during the fourth and fifth periods, to 4 Ib. 
per head per day. Still even this amount of bran was considerably more 
than that taken at will in pen 4. But one object of the experiment was 
to give a pretty full allowance of the cheaper and less nutritious bran, in 
order to see whether, when mixed with pure digestible proximate principles, 
such as Sugar and Starch, somewhat more of it could, without disadvantage, 
be employed. 

In pen 1, where, in addition to the fixed allowance of lentils and bran, a 
trough was kept constantly supplied with Sugar, it is seen that during the first 
four periods there was a gradual increase in the quantity of it consumed,— 
the average consumption for the whole ten weeks being nearly 2 Ibs. of Sugar 
per pig per day. This purely non-nitrogenous substance constituted in fact 
about one-third of the total food of the animals,—a range of amount, or 
proportion of the whole consumption, sufficiently great to justify a judge- 
ment by comparison with that of the Starch, of the relative capacities of the 
two substances to meet the complex demands of the system of a fattening 
animal. 

In pen 2, Starch was given as the purely non-nitrogenous and ad libitum 
food; and the average consun)ption of it over the whole period of ten weeks 
was rather more than 2 lbs. 2 oz. per head per day. More, therefore, was 
consumed of the Starch than of the Sugar ; but it will presently be seen that 
the amounts of the dry substance of the foods was almost identical in the two 
cases, and that thercfore the apparently larger consumption of Starch was 
simply dependent on its containing more of water than the Sugar. 

In pen $, in which there was the same fixed allowance of lentils and bran 
asin pens 1 and 2, the complementary food consisted of both Sugar and 
Starch. Of these two, taken together, the average daily consumption per 
head amounted to about 23 Ibs. Considerably more, therefore, was eaten of 
the mixture than of either the Sugar or the Starch when given alone. The 
effect on the appetite of the animal of a certain complexity of diet, even in 
the case of substances having in one sense equal food capacities, is therefore 
here illustrated ; though, owing probably to asomewhat defective proportion 
of nitrogenous compounds in the total food of this pen 3, we have not in this 
case, as will presently be seen, the advantage of this increased consumption 
in a correspondingly greater proportion of increase to the dry substance of 
the food consumed. 

Jn pen 4, where the lentil-meal, the bran, the sugar, and the starch were 
each put into a separate trough, considerably more of the highly nitrogenous 
lentil-meal was eaten than in any of the other cases. And it is remarkable, 
that with this larger consumption of lentils, scarcely any free Starch is taken, 
but of the Sugar more even than in pen 1, where no free Starch was allowed, 
but only the Sugar as the ad libitum food. This might be accounted for by 
supposing that the pigs in pen 4 had a larger and sufficient supply of starch 
in the larger quantity of lentils taken, and that therefore the system called 
for the sugar rather than the addition of starch in the free state; and this 
would be to attribute the result to a physiological requirement, apart from 
that of the palate or stomach merely. It is, however, much more likely that 
it was simply a matter of palate and stomach; for in pen 3, where also both 
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Sugar and Starch were given, a certain portion of each was mixed with the 
limited food, so that all except the free Starch being saccharine, the greater 
would be the relish for it, and hence we have much more of Starch consumed 
in pen § than in pen 4. 

But there is another point that should be noticed before leaving the 
question of the dieting. of the animals. In a previous experiment with 
pigs, in which some of them which were fed on food comparatively de- 
fective in mineral matter suffered considerably in health, a mixture of 
coal and wood ashes, superphosphate of lime and common salt was given 
with the best effects. It was thought, therefore, that in this case, in 
which lentils, sugar, and starch were all somewhat deficient, particularly 
in phosphates, a similar mixture might be useful. Accordingly a mixture of 
20 lbs. of the ashes, 24 Ibs. superphosphate of lime, and 24 lbs. of common 
salt were divided into four parts, and one of the fourths given to each pen, 
this amount being distributed over fourteen days. This mineral mixture was 
always taken with the greatest avidity and relish; so much so, that the animals 
would leave their other troughs the moment the fresh supply of this was put 
within their reach. They were, moreover, upon the whole, very healthy 
throughout the experiment, and yielded good rates of increase. 

In the next Table (IV.) is shown the per-centage proportion to the total 
food, in which each of the separate articles was consumed during the suc- 
cessive periods as the experiment progressed. 


TABLE IV.—Per-centage proportion of each food in the total food during 
each successive period, and the total period of the experiment. 


J . Ist 2nd 3rd 4th 5th | Average, 
§ | Foods—how given. | 14 days, | 14 days.| 14 days. | 14 days. | 14 days. [10 weeks. 
Lentil Meal. 


In fixed quantity ...... 


Ty) PS ee 


9? 9? 
AG Ubitume ...ccccccccceee 


1. | In fixed quantity ...... 8: ° 4-42 

2. ” 19 ee eaee 8-86 . 3°87 
3. ” 19 te eaee 17:39 | 15°61 7°55 3°41 3°76 9°15 
4, | Ad libitum ......cccccceee 6°69 4:98 2°43 1:87 1:16 3-21 


Sugar and Starch. 


29°11 37°45 
29-11 37°97 
20°44 22-66 
17:10 24°46 
375°4 47:12 
45°23 
” { 4°15 
Total ...... 24°16 49°38 
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Turning first to pen 4, in which all the foods were taken separately and 
at will, it is seen that the highly nitrogenous lentils constituted a considerably 
larger proportion of the total food in thia pen than in either of the others. 
The animals first began, pig-like, with an excessive quantity, which seems to 
have amounted for the time to a surfeit; for in the second period they do 
not take two-thirds as much as in the first, though afterwards they gradually 
increase to the original amount, but taking then considerably less of the also 
highly nitrogenous bran than at the commencement. In this pen 4, indeed, 
the consumption of bran is at the commencement only about one-third as 
great as in the other pens, and it gradually reduces as the experiment proceeds, 
until at last it amounts to little mure than 1 oz. per head per day. Although, 
therefore, so much more of the nitrogenous lentils is consumed in pen 4 than 
in either of the others, yet it will afterwards be seen, that, taking the lentils 
and bran together, the proportion of total nitrogenous constituents in the 
food of pens | and 2, especially, is not so much less than in pen 4 as would 
at first sight be assumed from the larger consumption of lentils in the latter; 
and it may be observed that this proportion of nitrogenous compounds was 
in all the other cases still notably higher than in the cereal grains. 

With regard to the more general indications of this Table (IV.), it may be 
remarked, that in former experiments, where fattening animals have been 
allowed high and low nitrogenous foods separately and at their own discre- 
tion, there has been a very marked increase in the proportion of the non- 
nitrogenous constituents consumed as the animals matured. This is not so 
obvious in the present instance; but in this case the foods were not of an 
ordinary kind, and were such as to give more scope for the exercise of the 
instinct of the palate. The result is that those animals which were allowed 
their own choice of all the foods, took first an excessive amount of the lentils, 
and then going to the other extreme, of the Sugar; so that, with this inci- 
dental and more than usual interference of the palate with a naturally greedy 
animal, we have the mere progress of the respiratory requirement and fat- 
forming tendency of the animals less clearly indicated in the selection of 
their food according to its ultimate composition. 

In Table V. we have the amount of gross food consumed per 100 lbs. 
live-weight of animal per week during each of the successive periods, and 
the total period of the experiment ; also the amount of gross increase obtained 
by the consumption of 100 Ibs. of food during the same periods. 


Tasie V.—Showing the rate of the consumption of food, and of the production 
of increase in weight, during the successive periods of the experiment. 


Average weekly consumption of total food, per 100 Ibs. 
live-weight of animal. 


3rd 4th 
period. | period. | period. 
14 days. | 14 days. | 14 days. | 14 days. 


27°9 26'6 
28°4 28-5 
32:9 32°5 
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Table (continued). 


Description of the Gross increase obtained by the consumptioa of 
, foods. 100 Ibs. of total food. 
2 In st 
fixed Ad libitum.) period. . 
quantity. 14 days.| 14 days. 


. |{ pentls--+ | Sugar. 190 | 185 
a, | { Lentils...) | Starch ... a1 | 147 
Lentils Su ; 
3. Bran Starch ... 16°3 
Lentils... 
Bran ... . 
4 | None ...... Sugar ... 19°4 
Starch 
Means....... : 18°9 


Although it has already been seen that a larger amount of food was con- 
sumed per head as the pigs increased in weight and fatness, yet it is shown 
in Table V. that there was a gradual decrease in the quantity consumed per 
100 dbs. live- weight of animal, in all cases from the Ist period to the 5th. In 
fact, during the short space of five fortnightly periods, the amount of food con- 
suined in proportion to the weights of the animals is pretty uniformly in 
the four pens about one-third less in the fifth period than in the firat. With 
this decrease in the consumption of food in relation to weight, there is at the 
same time, as shown in the 2nd division of the table, a considerable decrease 
in the amount of gross increase yielded by a given weight of food as the fat- 
tening process progresses. Former experiments have however shown, that 
as the animal matures, its increase is much less aqueous; so that much of 
the lessened productiveness of the food in gross increase is only apparent so 
far as real dry substance of growth is concerned. Indeed, a careful consi- 
deration of the results of the Table, taken in connexion with other known 
facts, leads to the conclusion that the functional expenditure of constituents, 
so to speak, that is to say, the amount of them required to keep in action the 
machine of life, though not so great in proportion to the weight of the 
animal as.it matures, yet continues pretty equally so in proportion to the 
amount of food consumed. On the other hand, the increase attributable to 
the remainder, or that portion of the food not so expended, though it may 
be less in gross amount than in the earlier stages of feeding, is probably 
about equal so far as the storing up of real dry substance is concerned. [a 
fact, as the fattening proceeds, less gross weight of increase is obtained fora 
given amount of food; but the quality or food-capacity in its turn of that 
increase, is in a corresponding degree the greater. To fatten therefore be- 
yond the point at which a higher price is obtained for a given weight of 
meat, is an advantage to the consumer, and not to the producer of it. 

In the next Table (VI.) are given the total amounts of each of the fresh 
foods separately, and the collective foods, and of the dry organic matter, the 
mineral matter, and the nitrogen, contained in them, which were consumed 
in each pen during the ten weeks of the experiment. There is also given in 
the last column of the Table the amount of gross increase yielded in each 
pen. 


ON THE EQUIVALENCY OF STARCH AND SUGAR IN FOOD. 429 


Tasce VI.—Showing the total amounts of fresh foods, and constituents con- 
sumed, and of increase obtained, during the total period of the experiment. 


[Quantities in Ibs. and tenths. | 


| | 

| ae Gross or} Dry aes | 

1s Foods—how given. _ fresh | organic | Mineral Nitrogen.’ Increase. 

| Pa | food. {| matter. | ° | 

| | 

| Lentil Meal. 

' ; l } 

2. | > Fixed quantity—each............, 672 558 28:8 28:2 

, & | 

1 4. Ad libitum .......... ccccescccvece| 918 762 39°3. | «386 

Bran. 
1 
2. | > Fixed quantity—each............ 126 99 YA | 2-9 
3. 
4. | Ad Vibitua ......ccccoccees eecveoes | 47 37 2-7 | 
Sugar or Starch. 
1. | Add libitum, Sugar ....cc..00s. oo} 3883 | 360} 31 0-7 
2. » Starch ........ccseeee 4503 3604 1:8 07 
SUgar ..cccccsscueeee 286} | 265} 2-3 0-5 
3. Starch ...,.0..sse0es 2923 , 234 12 05 
Total ........000 5783 | 499) | 35 10 
Sugar ...ccsecesssces 446 | 414 | 36 0-9 
4. yd Starch lssssesssccses 51 | 41 | 08 | on 
Total ........c00000. 497 | 455 | 38 10 | 
Summary.—Total Food or Increase. 

{ 1. | Lentils, Bran and Sugar ......... 1186} | 10173 | 390 | 31:9 247 
2. ” » and Starch .........| 12483) ; 10174 | 37°6 31:9 248 
3. ” » Sugar and Starch..| 1376) | 1156} | 39:3 32:2 272 
4. ” ” ” 99 eee} 1462 1254 45-8 40°6 312 


It is a sufficiently remarkable fact, in relation to the main object of this 
investigation, namely the question of the equivalency of Starch and Sugar 
in food, that with three pigs in each case, the experiment extending over ten 
weeks, and the ad Uibitum Starch or Sugar constituting one-third of the total 
food, we should have in pens 1 and 2, in the former with Sugar, and in the 
latter with Starch, absolutely identical amounts of dry organic substance con- 
sumed in the two cases; and also, within one pound, exactly the same amount 
of gross increase in weight yielded by it. It thus appears, that whether for 
the purpose of supporting the functional actions of the body, or of minister- 
ing to the formation of increase,—for, as will be seen, the rate of increase 
was in both cases good,—these two substances have, weight for weight, values 
almost absolutely identical, But this point will be better seen in the Tables 


480 REPORT—1854. 


which next follow, in which are given, not the actual amounts of food or con- 
stituents consumed, and of increase obtained, but the amounts of food and 
' constituents consumed per 100 bs. live weight, and the amounts of each which 
were required to produce 100 lbs. of increase; and the items which are given 
in each case are—the fresh substance ; the gross dry matter; the dry organic 
matter; the non-nitrogenous substance; the nitrogenous (proteine) com- 
pounds ; the nitrogen and the mineral matter, the latter including only the 
amounts contained in the respective foods, and excluding therefore that given 
in the purely mineral mixture. e 


TaBLe VII.—Showing the average amount of total food or constituents 
consumed, per. 100 lbs. live-weight per week. 


[Quantities in Ibs., tenths, &c.] 


Description of the foods. 


We have then in Table VII. the average amounts over the whole period 
of the experiments, of the various constituents consumed weekly, per 100 Ibs. 
live-weight of animal: and at the foot of the Table is given a summary of 
the same particulars in the cases of three previous series of experiments; in 
two of which there were 12, and in the third 5 pens. A comparison of the 
average of these former experiments, in which there was great diversity of 
fattening food, with that of the present series, sufficiently shows, both how 
uniform is the average rate of consumption of the dry substance of the food 
in relation to the weight of the animal when fed under somewhat similar cir- 
cumstances, and also, that the results of the present series, with the food con- 
sisting to the amount of one-third of its weight of pure Starch or Sugar, are 
sufficiently normal in character to be trusted in their indications. And the 
same may besaid in reference to theamountof increase yielded bya given weight 
of food, as shown by comparing the new results on this point given in Table 
VIII. with those of the previous ones in the summary at the foot of it. 
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Tasix VIIT—Showing the average amount of total food or constituents 
consumed, to produce 100 lbs. of increase. 


(Quantities in lbs. and tenths. ] 


Mean of 12 previous experimenta.| 583 | 511 | 488:3| 376:3/111-9 | 17-77| 23-20 
.| 562 | 480 | 461-2] 355-9] 90-9 | 16-98| 18-93 
| 554 | 458 | 499-7) 8866] 93-1 | 15-01] 98-77 


Looking more closely to the figures in Table VII., it is seen, that, except- 
ing in pen 4, the amount of nitrogen or nitrogenous constituents consumed 
per 100 lbs. live-weight per week was rather less than in the average of 
former experiments ; it was however greater than in several of the individual 
cases of those former experiments, especially where the cereal grains consti- 
tuted the chief bulk of the food, as has already been alluded to. In fact, 
although the amount of nitrogen consumed in pens ], 2 and 3, was less than 
where the animals took as much of it as they chose to eat, yet even in these 
cases it was greater than in the very frequent fattening food of the pig; 
namely, barley-meal, in which however the proportion of nitrogen is rather 
under than over that which is most favourable for the increase of the fat- 
tening pig. 

Againg in pen 2, with one-third of the total food Starch, about 14 lb. more 
fresh food is consumed weekly per 100 lbs. live-weight of the animal than in 
pen 1, with one-third of it Sugar. But we find, that excluding the moisture 
in the foods, of which there was more in the Starch than the Sugar, the 
amounts of dry organic substance consumed are absolutely identical in the 
two cases. It is obvious, then, that the animals having in the two pens only 
about two-thirds as much material in their lentils and bran as the wants of 
the system called for, the further demand, amounting to one-half more, or 
one-third of the total food, was fulfilled in the respective cases by identical 
amounts of the dry substance of the Sugar and the Starch. These then are 
practically identical in their capacity of meeting the mixed wants of the 
animal body for non-nitrogenous substance. In pen 3, the weekly consumpe 
tion of non-nitrogenous substance per 100 Ibs. live-weight is rather greater 
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than in pens 1 and 2; and it is probable that both Sugar and Starch heing 
allowed in this pen, the greater variety of food increased the appetite. There 
was also with this greater consumption of non-nitrogenous substance more 
both of actual increase of animal, and of increase for a given weight of ni- 
trogenous substance consumed, though somewhat less of it in proportion both 
to the non-nitrogenous substance and to the total dry organic substance of 
the food. It may likewise be said of pen 4, that with greater variety in the 
food, more was eaten in relation to the weight of the animal. But in this 
_ case there was more of the nttrogenous as well as of the non-nitrogenous 
constituents consumed ; and with this larger and probably more normal pro- 
portion of the latter’ to the former, we have, as is seen in the next Table 
(VIIIL.), a better proportion of gross increase both to the non-nitrogenous 
sabstance, and to the total organic substance consumed. 

But the amount of food consumed to a given weight of animal, as shown 
in Table VII., represents of course, not only the demands for the mainte- 
nance of the animal machine, that is, of the respiratory and collateral funec- 
tions, but also those for the growth and permanent increase of the body. So 
also in Table VIII., the average amount of foods consumed for the produc- 
tion of 100 lbs. of increase includes also those required for the respiratory 
and other functional purposes. In our former Paper, however, read at Rel fast, 
it was shown that in the case of a fattening pig then referred to, only about 
15 per cent. of the dry substance of the food consumed were stored up in 
the animal as non-aqueous increase ; about 85 per cent. of the total dry sub- 
stance of the food of the animal being therefore expired, perspired, or voided. 
Although, however, so small a proportion of the food consumed may be actu- 
ally stored up in the animal, still a comparison of the amounts of gross food 
or constituents consumed to produce a given weight of increase is doubtless 
of much importance as a measure of the relative feeding qualities of different 
articles of diet; and this is the point illustrated in Table VIII. 

In this Table (VIJI.), comparing first together the results of pens 1 and 2, 
we find that not only, as has been already seen, was the rate of consumption 
of the dry organic substance of the Starch and Sugar exactly identical in rela- 
tion to the weight of the animal, but here it is found that the amounts required 
to yield a given increase in the weight of the body are also exactly identical; 
for 4113 Ibs. of total dry substance were required to produce 100 Ibs. of 
increase when one-third of the food was Sugar, and 410} Ibs. when one-third 
of it was Starch. The equivalency of the two would seem therefore to be 
clearly proved, both for the purpose of the maintenance of the system, and 
for that of the increase of the body of a fattening animal. Against the above 
quoted amounts of dry substance rcquired in these cases to produce 100 Ibs. 
of increase, it required 425 lbs. in pen 3, where the allowance of nitrogenous 
constituents was about the same as in pens 1 and 2, but the proportion of 
non-nitrogenous constituents eaten was rather greater; and only about 404 Ibs. 
were required in pen 4, where the consumption of nitrogenous constituents 
was somewhat greater than in the other cases. Whilst therefore, as we 
have shown in other Papers, as our current food-stuffs go, it is frequently 
their non-nitrogenous rather than their nitrogenous constituents which 
measure their combined respiratory and feeding capacities, yet we have here 
usefully indicated, as also in other cases, the point below which a lessened 
amount of nitrogenous constituents is disadvantageous. 

In conclusion, the evidence of direct experiment clearly goes to show, 
that all but identical amounts of the dry substance of Cane-Sugar and of 
Starch are both consumed by a given weight of animal within a given time, 
and are required to yield a given weight of increase. The practical identity 
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in feeding value, which from the known chemical relatiqnship of these two 
substances has hitherto been assumed, is now therefore experimentally illus- 
trated, and it probably only varies in point of fact with their slightly varying 
per-centages of carbon. 

If, then, Cane-Sugar has no higher feeding capacity than Starch, the rela- 
tive prices weight for weight, of the sugar duty free, and of the starchy grains 
generally used for feeding purposes, will afford an easy means of estimating 
the probable economy of the use of the former. At the price, including duty, 
of the coarse Penang sugar used in the experiments, it would cost three or 
four times as much as the starchy cereal grains at the present time; and it 
should be remembered, that these would also supply a considerable amount 
of the needed nitrogenous constituents of food. 

These new results too, so far as they can be supposed to apply with nu- 
merical accuracy, considering the difference between cane-sugar and the sac- 
charine matter of malt, are consistent with direct experiments which we 
published some time since on the comparative feeding values of malted and 
unmalted grain. Thus it was shown, that the dry substance of malted and 
unmalted barley had very nearly equal respiratory and feeding capacities. 
But, not only is the process of malting attended with considerable expense, 
but it was shown in the experiments alluded to, that during the process there 
was a loss of 6 per cent. of the gross dry substance of the barley, and of 4 
per cent. of ite total nitrogen, even when the malt-dust was included as a 
product of the process, and supposed to be equally valuable as food ; whilst, 
if the malt-dust were excluded, the loss for feeding purposes of the dry organic 
substance of the barley was 10 per cent., and that of its nitrogen 134 per 
cent. It might be true, that malt and other saccharine matters might serve 
in some degree to give a relish to the food, and thus induce the animals to 
eat more, which in “ fattening ” is always a consideration ; but this incidental 
benefit could not counterbalance much increased cost. Indeed the general 
result of experiment is contrary to the conclusion, that any extensive use of 
malt for feeding purposes would be such a boon as has been supposed. 

The proved practical equivalency of Starch and Sugar in food is also of 
interest, as has already been alluded to, in reference to some other of the 
conclusions to whieh we.have arrived in former papers. Thus it has been 
shown, that a fattening animal assimilates much less nitrogen than has usually 
been estimated ; and further, that it may store up very considerably more 
fat than exists ready-formed in its food; whilst again this prod fat is 
doubtless in a great measure formed from the starchy and saccharine sub- 
stances which constitute so large a proportion of the non-nitrogenous con- 
stituents of our staple vegetable foods. It is these starchy and saccharine 
substances too, which in practice serve largely to meet the requirements of 
the respiratory function—and this it has been shown it is, that under ordinary 
circumstances constitutes to such an extent, the measure of the amount of the 
food demanded by the animal system. 
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"On the Deviations of the Compass in Wooden and Iron Ships. 
By ArgcHisBaLp Smita, Jf. 


Tue general character of the deviations of the compasses of a ship in 
nortbern latitudes is, that the north end of the needle is drawn towards the 
ship's head. But in many, and particularly in iron ships, the character of 
the deviations is different; in some the north end of the needle is drawn 
towards the stern, in others towards one side. These deviations change as 
the ship changes her magnetic latitude. In wooden ships they generally 
diminish as the ship approaches the magnetic equator, and change their 
direction when the ship has passed into a southern magnetic latitude. In 
iron ships the deviations generally diminish as the ship approaches the mag- 
netic equator, but frequently, perhaps generally, increase again in southern 
latitudes, so as to retain the same direction in both hemispheres. 

The cause of this difference, no doubt, is that in wooden ships the iron 
which affects the compass approximates to the condition which, in the lan- 
puage of magnetism, is called “soft iron,” while in iron ships the rolled and 

mmered iron of which they are constructed approaches more nearly to the 
condition which is called “hard iron.” 

In both classes of vessels a great part of the magnetism approaches very 
nearly to that of “soft iron,” being induced instantaneously by the magnetism 
of the earth, and changing instantaneously as the vessel is swung. In iron 
vessels, the magnetism which approaches to that of hard iron, is not, strictly 
speaking, permanent; it is what is called “‘sub-permanent” by the Astronomer 
Royal, and “retentive” by Dr. Scoresby. It is said by Dr. Scoresby to change 
when the vessel receives strains or shocks, and it generally changes to some 
extent when the vessel changes its magnetic latitude. 

The general effect of masses of “ soft iron” on the needle may be obtained 
with considerable accuracy by considering the action of pieces of iron of a 
very simple shape, viz. slender bars. A bar of soft iron held in the direction 
of the dip, or, as it is convenient to call it, the “line of force” of the earth, 
becomes instantly magnetic. Its south (in England, the upper) end attracts 
the north end of the needle; its north (in England, the lower end) attracts 
it, If the bar be inclined to the line of force, its magnetism diminishes, and 
when at right angles to the line of force, the bar ceases to be magnetic. If 
the inclination of the bar to the line of force be still further increased, the 
end which was north, and which then repelled the north end of the needle, 
becomes south and attracts it. 

It follows from this, that if a bar of soft iron be in a vertical position, its 
upper end will in north magnetic latitudes attract the north end of the com- 
pass-needle. At the magnetic equator the line of force of the earth is hori- 
zontal, and there a vertical bar of soft iron will not be magnetic. In south 
magnetic latitudes the line of force of the earth is inclined upwards, and in 
those latitudes the upper end of a vertical bar of soft iron will repel the north 
end of the compass-needle, and attract the south end. The attraction of the 
upper end of such a bar of soft iron on the north end of the needle is in fact 
proportional to the total magnetic intensity multiplied by the sine of the 
magnetic inclination. The directive force of the earth on the needle being the 
antagonistic force which this attraction overcomes in producing a deviation, 
is proportional to the total intensity multiplied by the cosine of the inclina- 
tion. The deviation produced will be as the ratio of these two forces, é,¢. as 
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the sine of the inclination to the cosine of the inclination, or proportional to 
the tangent of the inclination. Such a bar, placed in a ship with its upper 
end at the eame level as the compass, will, as the ship is swung, produce no 
deviation when north or south of the compass, will produce a maximum 
easterly deviation when east, and a maximum westerly deviation when west 
of it, these bearings being always those by the disturbed compass. 

If the bar of sof iron be horizontal, and in an east and west position, it is 
at right angles to the line of force, and will produce no effect; if it be hori- 
zontal and in any other position, its south end will attract the north end of 
the compass-needle. If such a bar be placed in a ship at the same level as 
the needle, and directed towards it, then in four positions as the ship is 
swung, viz. when the bar is E., W., N. or S. of the needle, it will produce 
no deviation; in the first two positions, because it is not magnetic; in the 
last two, because, though magnetic, it attracts the north end of the needle in 
the direction in which it already points. Such a bar will produce a maxi- 
mum easterly deviation when N.E. or S.W. of the compass-needle, a maxi- 
mum westerly deviation when S.E. or N.W. of it. 

The attraction of such a horizontal bar on the needle when a change in 
the geographical position takes place, is proportional to the total magnetic 
intensity multiplied by the cosine of the inclination ; the directive force of the 
earth on the needle, which it has to overcome in order to produce a deviation, 
is proportional to the same quantity. The deviation produced is conse- 
quently independent of the force and of the inclination, and is the same in 
all magnetic latitudes. 

A bar of hard iron magnetized acts on the needle, when there is no change 
of magnetic latitude, precisely as a vertical bar of soft iron; that is to say, 
there are two opposite positions in which it causes no deviation, and two 
others, at distances from them of 90° by the disturbed compass, at which it 
causes maximum deviations, at the one easterly, at the other westerly. 

There is, however, an important difference between the effect of a mag- 
netized bar of hard iron and a vertical bar of soft iron when there is a change 
of magnetic latitude. The attraction of the bar of hard iron remains un- 
changed on a change of magnetic latitude; the directive force which it has 
to overcome in order to produce a deviation is proportional to the total 
magnetic intensity multiplied by the cosine of the inclination, or in other 
words, to the horizontal magnetic intensity. Hence the effect of a magnet- 
ized bar of hard iron in causing deviation is inversely proportional to the 
horizontal magnetic intensity at the place. 

In all the cases which we have considered, as the ship is swung round, the 
amounts of easterly and of westerly deviations are exactly equal ; but arrange- 
ments of bars of soft iron may easily be imagined in which one of these may 
predominate, and that to any extent. 

Thus, if we suppose two similar and omailary placed horizontal bars of 
soft iron at the level of the compass, one lying N. and S. witb its S. end E, 
of the compass, the other lying E. and W. with its E. end N. of the compass, 
these two bars will produce an easterly deviation, which, as the ship is swung, 
will remain sensibly constant. 

Whatever be the shape and position of the iron in a ship, if it consists of 
iron of the two extreme qualities we have mentioned, if it is all at a consi- 
derable distance from the needle compared to the size of the needle, if the 
deviations are small, and if we suppose (as is done throughout) that the 
ship remains on even keel, the following formule for expressing the devia- 
tion of the needle in any azimuth may be deduced from Poisson’s General 
Equations. See Col. Sabine’s ‘Contributions to Terrestrial Magnetism,’ 

22 
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No. V. Phil. Tr. 1848, p. 147; No. VI. Phil. Tr. 1844, p.117; and No. VIU. 
Phil. Tr. 1846, p. 347. 


Pp’ 
t= A+(B" tan 0+ ) six gi 


¢ cos 0 


+(c’ tan 0+ ) cos rad 


+ Dsin 227'+E cos 22’, 


¢ cos 6 


in which 6 represents the deviation, considered positive when the north end 
of the compass-needle is drawn towards the east; 6 the magnetic inclination; 
¢ the total magnetic force; and @' the azimuth of the ship's head by the 
staniard compass (disturbed), reckoned from N. to E.; and A, B,C, D, E 
are constants depending on the arrangement of the soft iron in the ship, and 
P', Q' constants depending partly on the soft and partly on the hard iron in 
the ship. 

If we consider these terms separately, we see that A may arise from such 
an arrangement of horizontal bars as that last described, or from an index- 
error in the compass, or from an error in the shore compass. 

B' tan 6 sin ¢', if B’ is positive, may arise from a vertical bar of soft iron 
placed before and below the compass, or abaft and above it. 

C’ tan @ cos 2’, if C’ is positive, may arise from a vertical bar of soft iron 
placed on the starboard side and below the compass, or on the port side and 
above it. 


ooo Q’ 
g cos "S TF cos 8 
magnetism. 

D sin 22’, if D is positive, may arise from a horizontal bar of soft iron 
placed in the midship section, and either before or abaft the compass. If D 
is negative, it may arise from a horizontal bar of soft iron directed towards 
the compass, but at right angles to the principal section. 

E cos 22! may arise from a horizontal bar of soft iron directed towards the 
compass, but inclined 45° to the bars in the last-mentioned case, the bar 
being before and to the starboard side, or abaft and to the port side if E is 
positive; and before and to the port side, or abaft and to the starboard side, 
if E is negative. 

From the manner in which B! and P’, C! and Q’ are involved in this ex- 
pression for 6, they cannot be separately determined from observations made 
in one geographical position. If they were constants, they might be deter- 
mined from observations made in any two geographical positions, and we 
might then predict the change which would take place when the ship changes 
its geographical position. But unfortunately the values of P’ and Q! change 
so much, that no reliance can be placed on such determinations. 

If we represent the value of the deviation by the simpler formula 


dé= A+B sin 2'+C cos Z'+D sin 227'+ E cos 227, 


keeping in mind what B and C represent, then the following observations 
suggest themselves :— 

A, D, and E are independent of the dip and force, and consequently of 
the geographical position of the vessel, and ought to remain the same in all 
latitudes; and this we find to be the case, subject to this observation,—that 
A and E being generally very small, the changes in their values, though 


cos 2’ must arise from iron having permanent 
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absolutely small, may be large relatively to their value. The value of D, 
whicb in iron vessels, as might be expected, is generally considerable, is 
remarkably permanent in different geographical positions. 

In wooden ships, P! and Q! are generally very small; B and C, which are 
generally the largest coefficients, vary as the tangent of the dip, and the devi- 
ation changes its direction when the ship changes from a northern to a 
southern magnetic latitude. 

In iron ships, P’ and Q! seem to be considerable. 

If B! and C’ were small, the part of the deviation depending on B and C 
would vary inversely as the horizontal force. It would therefore be a mini- 
mum at the magnetic equator, and would increase as the ship went to a di- 
stance from it on either side. Buteven in iron ships the values of B’ and C! 
seem to be considerable, except for places in the ship where by accident 
there is a compensation of the effects of the soft iron. And if we consider 
the different combinations which may exist, we shall see huw very uncertain 
any prediction as to the change in the deviations on a change of magnetic 
latitude must be. 

Thus, if in England we have selected a place for the standard compass in 
which the deviations are small, this may arise from the magnetism of the soft 
iror. counteracting that of the hard iron; but if so, in southern latitudes they 
wil conspire, and cause a large deviation. 

Again, a place may happen to have been selected for the compass in which 
taere is a compensation of the magnetism of the soft iron, and in which 
therefore the deviation is caused solely by the hard iron. In this case, ina 
southern latitude the deviation would have the same sign and amount. If 
the magnetism of the soft iron be not entirely compensated, the deviation in 
a southern latitude will be less or greater than in a northern, according as 
in the northern latitude the soft iron conspired with or acted against the 
hard iron. 

The values of the coefficients A, B, C, D, E, in every case must be deter- 
mined by observations of the deviation made with the ship's head on different 
azimuths. Observations on any five azimuths would give the values of these 
coefficients, but it is more advantageous to make the observations on eight, 
or sixteen, or even thirty-two equidistant points, and combine the equation 
by the method of least squares. The mode of doing this, with forms for the 
talculations, is given in the Supplement to the ‘Practical Rules for ascer- 
taining the Deviation, &c., published by the Admiralty. 

We may conclude this communication by giving the values of the coeffi- 
cients computed from deviations observed in several iron and wooden ships 
in different geographical pouwitions. 


A B C. D E 
H.M. Iron S. V. Torch. 

Oo ¢ oO ° é 9 é re é 
Greenhithe, May 10, 1852 ........... 04] 1041; 046] 243| —0 24 
Madeira, July 6  ......cscccccoescscoveee —3 2 6 25 1 20 2 52 0 5 
” $9 tt eee ectececcesenecsce —2 48 6 52 0 57 2 10 0 43 
Porto Grande, St. Vincente, July 22 1 40 7 4 110 2 46 0 52 
Rio, Sept. 29 (Bad swinging) ......... —3 3 55 | —1 12 | —1 25 0 51 
0 9 == oe new enencrcncvecenees 0 7 737 1 6 2 30 | —0 10 
Tristan d’Acunha, Nov. 16. .......0.... —0 12 7 42 3 13 2 23 0 56 
Simon’s Bay, Dec. 10 ......0csseesceees 117 918 | —0 30|-° 1 57 0 6 


488 REPORT— 1854. 
A. B C. D. B. 
H.M.S. Herald. 
Greenhithe, May 13, 1852. .........( 8 8| 2 6] -8 9] 815] ° ° 
Madeira, June 29 ...cccrsesserssocesceere —0 8 2 85|—025| —0 4 
St. Vincente, July 22 occ .sccrccveseoess 0 7 0 56 | —0 40 0 21 
Rio, Sept. 27 PVT TT ITTTy eeeccesee encce e —( 20 —0 13 0 13 0 48 
Cape of Good Hope, Nov. 30. oeeecece —Q 13 —] 45 0 0 9 
St. Paul’s Island, Jan. 24, 1883 ccoseel =O Od | —1 38 0 20 017 
ager Li Feb. 23 SDeSCHS HOOK ERESHEEGeTENDS —l 22 —0 52 —0 16 0 17 
Pines, Sept. 26... cccvsccscccescccee| = 1 21 | —O 30 0 45 0 51 
Sydney, Jan. 8, 1854 .........seseoeene —1 2} —0 50] —0 14 0 2 
H.M. Iron 8.V. Velean. . 
Portsmouth, July 1, 1852 .......+005) —0 13 | —8 47 
Simon’s Bay, Feb. 1853. .......ssse0e- | 1 8 |—16 
H.M. Iron 8.V. Simoom. 
Portsmouth, Sept. 1852 Coccceregnveses —0 7 20 
Simon’s Bay, Oct. 1853 ......+0. covcesl dh 47 18 
H.M. Iron 8.V. Trident. 
Greenhithe, Sept. 8, 1852, ...coccse) 8 2] 19 36 
Rio, Nov. 7) 1852 eevee eeoene 290 COOH Eves —0 8 12 18 
"HLM, Wooden S.V. Virago. 
Plymouth, Sept. 1851 . cecvovcccccscsceee, 0 17 
Rio, Nov. wSepe. 27, ee eces —0 15 1 20 
H.M.S. Pandora. 
Plymoath, Feb. 1851 eocveconacseecce —0 46 2 31 
Auckland, New Zealand, Jan. 1853...| ~0 42 | —2 22 
. H.M.S. Maander. 
Sheerness, Sept. 1 852 . PUTER IIe —0 18 ] 10 
Simon’s Bay, March 1853 sscssrsacees, 0 23 | —2 35 


The following are approximate values of the magnetic elements at the 


‘places in question. 


Simon's Bay ..... 
Sydney ..... 


Rio. CCOOE HR EST ELesoEDegeerege 
Tristan d'Acunba oengeasovences 


@eveetGSeneee oases 
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Thirteenth Report of a Committee, consisting of Professor DAUBENY, 
Professor HensLow, and Professor LinDLEY, appointed to con- 
tinue their Experiments on the Growth and Vitality of Seeds. 


Tue seeds subjected to experiment this year were the oldest of the set pre- 
served for the above purpose in the depot at Oxford, having been gathered 
in the years 1834, 1835, 1886, 1887 and 1841, and, as will be seen by refer- 
ence to the annexed Table, few of them retained their vitality up to the 
present date—September 1854. 


Name and Date when gathered. 

1834. 

1. Arabis lucida Seeeetnca Caaeseose eee 

2. Hypericum Kalmianum......... 

3. Passiflora Herbertiana ......... 

4, Pinus Pinea Odeo gssletenenvSecns 
1835. 

5. Berberis Aquifolia.......... soeee 

6. Euphorbia Lathyris ....... eevee 

7. Gila capitata... espoeeseeaees seeses 


8. Gypsophila elegans .........00. 
9. Hypecoum procumbens......... 
10. Polemonium gracile ............ 


13. Eeehscholtzia, sp. ....... seeecees 
14. Hypecoum procumbens......... 
15. Lupinus polyphyllus .........00+ 
16. Mimulus moschatus ............ 
17. Ononis angustifolia ............ 
18. Pentstemon pubescens ......... 
19, Fotentilla, sp. (Douglas) eevees 
20. Tacsonia pinnatistipula..... wees 
is retrofracta. 


29. Geum, sp. ..... cccescoseveses ores 

30. Godetia lepida .....2......cecee 250 
31. Lupinus grandifolius.......+0.. 
32. Cnothera, sp. (Douglas) ..... ‘ 
33. Oxyura chrysanthemoides...... 
34. Papaver orientale .,.......... os 
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Name and Date when gathered. 


1841 (continued). 
38. Cabbage .....cccesseseseccecerecacs 
439. Canary SPROERESRAHS ee eOROSHE en eEaEHEES 
40. Caraway......cccccssorssccsveseees| 200 
41. Carrot........sccscccccssssssevceees| 100 
42, Clover,..,.ccocscsccrescserevrceseee| 190 
43. Cress PCH eReSFAPEFeShe Kreg pnases 8Ee 100 
44, Flax SHSHSH eo eSSSaceSeHeogsSHsSsacs 150 


48. Oats @eoCaosteccas Heeoseaeseessteoonese 100 
49, Parsley evetSoeCSOesnause CBO cceeesace 90 
50. Parenep .........cssscssessccsseces 100 
5). Peas ccccocssssenservcccccsvnens .| 50 
52. Rape ...cccccscccccccvcscssscceesee| 150 
53. Turnip  ...cccocssesssssencesevesee| SOO 
54. Vetch SOPHO HKSHHOTe Hen eesSESHSeHtane 50 
55. Wheat.. eeeces Peco Peesevensccneeeses 100 
56. Athusa cynapioides ..... cooseee| LOO 
57. Antirrhinum majus .........00 300 
58. Calendula pluvialis...............| 100 
59. Collinsia heterophylla .........; 300 
60. Datura Stramonium ............} 100 
61. Gilia achillwifolia .......... seee.{ 200 
62. Lasthenia glabrata...............| 200 
63. Ligusticum Levisticum ......... 100 
64. Psonia, mixed varieties ......| 100 
65, Verbascum Thapsus ............, 500 
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MATHEMATICS AND PHYSICS. 


MATHEMATICS. 


On the Solution of Cubic and Biquadratic Equations. 
By Antuor Caytey, F.R.S. 


On an Extension of Quaternions. 
By Sir W. R. Hamitton, ZLZ.D., M.RLA. 
The author showed how, by a slight change in the formule of quaternions which 
he had already published, and a slightly different interpretation of the sector and 
versor, they became applicable to the investigation of the properties of the spheroid. 


The Abbé Moigno presented to the Section a new Arithmometer, or Calculating 
Machine, by M. T. De Colmar; and as the Abbé spoke English with difficulty, he 
requested Prof. Wilson to explain the machine to the Section. The machine, which 
was very beautifully execated, consisted of an oblong box, about 30 inches long 
by 6 inches wide. On the face, the machine was farnished with a handle to turn 
round a number of small holes, at which the digits of the common arithmetic scale, 
1, 2, 3, 4, 5, 6, 7, 8,9, 0, made their appearance as the machine worked, and which 
Gnally gave the answer, In this machine they were eight in number, but they 
might be extended to any number. To each of these was an index to be set to the 
required digit, engraved on a smal! attached vertical scale, and a smal] ivory ball to. 
be moved along its scale according to certain simple rules, as the operation to be 
conducted by the machine varied from addition to multiplication, &c. Upon draw- 
ing out the sliding bottom of the machine, the machinery was exposed to view. 
This, though simple, could not be intelligibly explained without the machine or dia- 
grams. The chief part of it consisted of eight cylinders so arranged, that, as they 
turned, the digits, enamelled on a circle at their upper parts, came in succession to 
the holes in the face; while by a number of indentations arranged spirally round them 
the digit to which the index was set would he stopped at the hole on the face at the 
digit corresponding to that at which the index was set; while by a set of pinions a 
connexion was given to them something similar to that in the common bank-note ma- 
chine, so that addition could be performed and the result appear on the face :—thus by 

1854. 1 


9 REPORT—1854. 


turning the handle once, the number itself appeared ; by turning it twice every digit 
in it was doubled; and the result appeared above as twice the number originally set, 
and so on with any multiple of the number so set; then by moving the ivory bail any 
simple multiple of 10 times, 100 times, 1000 times, the number set could be ob- 
tained and added to those previously obtained, and thus the operation of multiplication 
performed of any number by any number to the extent the machine could give, in 
this case up to 99,999,999 or nearly 100,000,000. The Professor then exemplified 
this, by setting a large number and multiplying it by a number which consisted of 
three digits. He then explained how the other operations were to be performed,— 
showing that the machine could add, subtract, multiply, divide, raise to an integer 
power, or extract the square or cube root with precision and rapidity. The price of 
the machine exhibited was £50. 

Prof. Wilson then, on the part of the Abbé Moigno, presented and explained Ba- 
binet’s Homalographic Maps. In the maps on Mercator’s projection, although the 
relative geographical positions were accurately and simply laid down, yet there was 
a great distortion, particularly in those lands and seas towards and about the Polar 
regions ; and the same remark was more or less applicable to all the ordinary pro- 
jections used in maps. Butin those of M. Babinet, by making the principal meridians 
in both hemispheres straight lines, and the others, on each side of them, arches of 
ellipses passing through the Polar points, and their ellipticity varying with their 
position by a simple law, the exact harmony and proportion of the several parts, laod 
and water, countries and places, on the map were correctly preserved when accurately 
laid down. M. Moigno presented to the British Association through this Section a 
map of the world on this construction. 


Lieut, Heat, Evectricity, MAGNETISM. 


Ona New Photometer. By M. Basinet, of Paris. 


This photometer consisted of a tube, at one end of which was a Nicol’s Prism, 
through which the light to be valued ia admitted, the radiant or source of the light 
being placed at a measured distance. As it passes along the tube the light encoun- 
ters a bundle of glass plates through which, as it passes, it is polarized by refraction. 
It then passes on and is received at the eye-pieces; another tube, furnished also at 
its extremity with a Nicol’s prism, also enters the side of this first tube at such a 
place and at such an angle as that light admitted from a standard source at a fixed 
distance is reflected to the eye-piece by the same bundle of parallel glass plates, 
through which the former light is refracted. By turning the Nicol’s prisms, 
exact complementary colours can be had from each source, and where the images of 
oblong slits, through which the light passes, are made to cross at the eye-piece, the 
crossed part will be free from either colour when the light to be tried is at exactly 
the distance which gives the same intensity to the light which enters the instrament 
as that which comes from the standard. A comparison of the squares of these 
distances gives the intensity of the jight to be valued, in the usual and well-known 
method. 


Note on Indices of the Refraction of Transparent Media included between 
two Parallel Faces, and on a Portable Refractometer, exhibited to the 
British Association for the Advancement of Science. By Dr. Faxix 
Bernarp, of Bordeauz. 

The indices of refraction of parallel plates and liquids may be measured by a very 
simple method founded on the following principles * :— 


1, Every ray that falls perpendicularly upon the surface of a trunsparent medium 
with parallel faces traverses it without deviation. 


® The author had already made a communication to the Academy of Sciences relative to 
the determination of the indices of thick plates, but the apparatus referred to in this Note had 
not been exhibited before that body. 
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2. When the incidence is oblique, the ray refracted in this medium emerges from 
it in a direction parallel to that of the incident ray, and the distance included between 
these two directions, or the transport, only depends on the angle of incidence, on the 
index of refraction of the refractive medium, and on the thickness of this medium. 

From the relation subsisting between these four quantities we may therefore deduce 
the index of refraction, if the three others be known; the incidence may be chosen 
at pleasure, the thickness is easily measured, and the transport, the only unknown 
quantity, is determined by observation. 

Let a be the angle of incidence, p the angle of refraction, e the thickness of the 
medium, and x the index of refraction for a ray which traverses the plate 4 d the 
distance sought, then 


sin 
—.——, ta = + 
ein p ng =e tang p 2 cos a 


hence n=sin al 1+ sees). 
2e sin a—d. 


This formula will give x, when e being measured and a given, d has been deter- 
mined experimentally. 

The apparatus which serves for the determination of d is composed— 

}, Ofa sight formed by a spider’s thread fixed vertically in the interior of a hori- 
zontal tube; at one extremity of this tube is a diaphragm, through the aperture of 
which the light penetrates into the apparatus; a lens placed between the sight and 
the diaphragin, and capable of motion in the direction of the axis of the tube, allows 
the light received to be conveniently regulated. 

2. Of a horizontal circle for the determination of the incidences; at the centre of 
this circle there is a support which may be turned by an alidade traversing the limb 
of the circle. 

3. Of a telescope furnished with two very fine wires crossing in the focus of the eye- 
glass; its optic axis is parallel to that of the tube containing the sight, and it is 
capable of motion in a direction perpendicular to this axis, ‘The amount of motion 
is measured and effected by means of a micrometric screw. 

Mode of operation.—The index of the alidade is placed so as to coincide with the 
zero of the circle; the telescope is pointed towards the sight, and the lathe is placed 
in focus; the plate is then fixed vertically against a frame placed on the horizontal 
tablet of the support, and by turning it on its axis, without disarranging the alidade, 
the position which it should retain, which is such that the sight may be perceived 
without deviation, may be found in a few seconds. 

To determine d, the alidade is turned to an angle a, and then to an angle —a, 
moving the telescope eso as to point it upon the sight in both positions of the refracted 
image; the space passed through by the optic axis of the telescope, ascertained by 
means of the screw, gives the value of d. he very trifling errors which might arise 
from a slight obliquity of the plate in relation to the direction of the incident rays 
may be compensated in the following manner :—If the plate be slightly prismatic, it 
is turned upon its axis 180°, and the distance of the emerging parallel rays is again 
measured ; the average of the values thus obtained will give a very close approxima- 
tion to the distance sought. I have ascertained positively that a want of parallelism 
in the plates, even when very seusible by the spherometer, does not affect the exacti- 
tude of the observations. 

The sight may receive either the rays of the solar spectrum, or the light of a strong 
lamp modified by suitable absorbents, or it may be illuminated by a bundle of white 
light; in this the average index of refraction of the refractive body is obtained, and 
this ia very often sufficient. 

The thicknesses may be measured by means of any spherometer, but in this case 
it is necessary to determine the relation between the lengths of the turns of the 
screws in the two instruments, which is not attended with any difficulty; it is suffi- 
cient to determine the value of d, for a substance of which the relative index to a ray 
of the spectrum is k.own; the value of e may then be deduced from the preceding 
formula. This quantity will usually differ from that furnished by the spherometer, 
but their relation will always enable the values of e and d to be compared with the 
same nicety. Nevertheless, in order to avoid this correction, M. J. Dabowsa has given 
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a very simple disposition to the micrometric part of the apparatus, eo that when the 
telescope which moves the screw is removed, it readily forms a very delicate sphero- 
meter. 

By operating in this manner, but with a very imperfect apparatus, I found, for the 
indices of refraction of the ordinary ray by plates of quartz of 7 to 8 millimetres in 
thickness, the numbers 15441, 1:5473, 1°5496 and 1:5541, which correspond respectively 
to the rays D, E,F,G. These numbers do not differ from those given by M. Rudberg 


by more than raaaths at most. 


This process may be advantageously employed in researches relative to the indices 
of refraction of liquids ; the mode of operation is so simple that I may dispense with 
entering into details upon this subject. 


Description of a Photometer exhibited to the British Association for the 
Advancement of Science. By Dr. Férix Bernarp, Bordeauz. 

The photometer which ] have the honour to bring before the Association has been 
exhibited by M. Arago to the Academy of Sciences, at its meeting of the 9th of Msy 
1853. This instrument, which is principally intended for the study of the transpe- 
rency of bodies, may be very advantageously employed in a great number of photo- 
metric investigations, regarding the illuminating power of luminous bodies, the 
diffusion of light, and its reflexion from the surfaces of bodies, &c. I shall describe 
particularly the arrangement which I have adopted for ascertaining the absorption 
exercised upon light by the action of transparent media. 

In this case the anterior portion of the instrument presents a tube furnished with 
two diaphragms, through which the luminous rays, previously rendered 1 by 
means of a lens, penetrate into the apparatus. At their entrance into the body of 
the instrument, the rays fall perpendicularly upon the middle of the surface of s 
double prism, formed by the union of two equal, rectangular, isosceles prisms, of which 
two faces are in the same plane. The bundle formed by these rays, on meeting the 
edge of the right dihedral angle of the hypothenuses, is divided into two other equal 
bundles, which are entirely reflected in opposite directions perpendicularly to that of 
the incident bundle. At a few centimetres from the axis there are two reflecting 

risms, by means of which the rays are reflected in a direction parallel to the ax. 

arther on the new bundles traverse some Nicol's prisma which serve to polarize and 
analyse the light, and by a second arrangement of reflecting prisms symmetrical with 
the first, these bundles, after passing through the Nicol’s prisms, are again tamed 
towards one another and reflected upon the hypothenuses of a second double prism, 
so as, by their reunion, to reconstitute the primitive bundle. This bundle then 
traverses a tube forming the ocular portion of the instrument, and arrives at the eye 
as though it had never undergone any deviation. 

At one extremity of the ocular tube and close to the surface of emergence of the 
double reflecting prism, there is a diaphragm, the aperture of which cuts off a circular 
image upon this surface; this is magnified by a lens. 

The rotation of the analysers is measured upon two vertical semicircles by means of 
alidades furnished with verniers. 

The apparatus being arranged, that is to say, the extinction being complete whea 
the verniers are at zero, the intensity of each half of the circular image perceived by 
the eye varies in proportion to the square of the sinus of the angle described by the 
principal section of the analyser; and consequently if one of them be rendered more 
obscure by the interposition of an absorbent medium in the course of the bundle which 
corresponds with it, it becomes easy to estimate its intensity, when, by a suitable 
rotation of the analyser corresponding with the other half, the two parts of the image 
have been rendered uniform in tint. 

The artificial light emanating from a strong lamp may be operated with, but before 
arriving at the apparatus, this Fight should traverse a system of absorbents arranged 
in such a manner that the light transmitted may belong to one of the principal tints, 
almost monochromatic with the solar spectrum. It is better, however, to employ the 
direct light of the spectrum, by receiving on a screen furnished with a slit, a very fine 
vertical spectrum formed in the usual manner by rays rendered parallel by means of 
lens (the principal lines of Fraunhofer should then be seen distinctly) ; the rays which 
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have traversed the elit are received in the apparatus. I¢ is advisable, in this case, to 
replace the diaphragm at the entrance by a system of two lenses forming a collineator; 
the polarization of the parallel rays is then complete. 

The light which reaches the eye is sometimes very bright; it then becomes neces- 
sary to deaden it by placing a piece of ground glass before the collineator. 

n studying reflexion or diffusion, or comparing the intensities of two luminous 
sources, the entire system of prisms placed in the anterior part of the apparatus is 
renewed; the arrangement of the two separate bundles, which are afterwards united 
by means of the other system of prisms, may be easily understood. 

When the absorption of light is to be determined, the apparatus may receive some 
modifications by which it is simplified. The luminous bundle, before its divisions, 
falls upon a Nicol’s prism which polarizes it, and afterwards upon a bi-refractive 
prism which divides it; by means of an arrangement of reflecting prisms similar to 
the preceding, a circular image, composed of two parts polarized in two rectangular 
planes, is obtained. 

The Nicol’s pularizing prism also serves as an analyser with regard to the light 
which has traversed the bi-refractive prism ; the rotation of this prism is also measured 
by means of an alidade through which it is putin motion. One of the images in- 
creases in intensity in the proportion of the square of the sinus of the angle formed 
by the principal sections of the analyser and of the bi-refractive prism; the other 
decreases in the proportion of the square of the cosinus, and their relation varies in 
proportion to the square of the tangent of the same angle. 

An indispensable precaution to be taken in these experiments is to place in front 
of the analyser a thick plate of rock crystal parallel to the axis, in such a manner that 
its principal section may be parallel to that of the analyser. Nicol’s prisms cut in 
the ordinary manner, and inclined in the tubes enclosing them eo that they may not 
produce a sensible deviation of the luminous rays, form excellent analysers when fur- 
nished with a similar plate, rendering unnecessary any correction with regard to the 
variation in the quantity of polarized light reflected at the first surface of these prisms, 
when they are turned upon their axes. Nicol’s prisms cut in the form of right paral- 
lelipipeds do not answer the same purpose here, as they cause too great a transport of 
the incident ray. 

The apparatus which forms the subject of this Note, which was constructed by a 
clever artist, M. Dubuscq, may be readily adapted to all the preceding modifications : 
by simply taking it to pieces, suppressing some of its component parts, and adding 
the bi-refractive prism, the last-mentioned arrangement is produced. 

By means of this apparatus it is easy to prove that the absorbent action of coloured 
media only influences the intensity of the light, the peculiar arrangement of the appa- 
ratus protecting the eye from the errors which are almost inevitably produced by 
contrasts of intensity of colour, when the spectrum is examined through similar media. 
There is consequently nothing to invalidate Newton's opinion as to the simplicity of 
the prismatic colours which is generally adopted by physicists. 

I regret exceedingly that I am still uuable to bring forward the whole of the 
researches in which f am engaged, principally in a chemical point of view, as to the 
relative transparency of bodies to the principal rays of the spectrum j but I hope here- 
after to have the honour of bringing forward the results of these experiments at some 
of the meetings of the Association. 


Note on Polarimetry. By Dr. Féuix Bernarp, Bordeaux. 


When some point of clear sky is examined with a polariscope, it is found that the 
light reflected by the different strata of the atmosphere is generally polarized. In 
certain regions the polarization is very distinct, whilst other parts only exhibit a very 
slight polarization, or even none at all; and this condition, which varies more or less 
rapidly in accordance with very various causes, is subject to laws, with the most 
general of which we are acquainted, but from which we have as yet learnt scarcely 
anything as to their relations with the meteorological phenomena to which they are 
allied. The researches of MM. Arago, Babinet, and Brewster have proved the 
existence in the celestial arch of some remarkable points in which two antagonizing 
polarizations neutralize each other; these physicists have made known the position 
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of these points and the law of their displacement; the points corresponding with the 
maximutn ¢ of polarization have been studied, and the lines of equal polarization have 
been determined in a particular case, but it cannot be denied that much still remains 
to one. 

When allowance is made for the accidental circumstances which often introduce 
such great perturbations into the celestial polarization, there should exist, for each 
place of observation, a normal state of polarization, depending exclusively upon the 
position of the sun and local circumstances, which ought to be characterizable by 
means of polarimetric observations. The fullowing method, founded on the com- 

ison of the intensities of two images which are brought to equality under the most 
vourable circumstances (i. ¢. when they are of the same colour and in contact), may 
be employed in this case with advantage. 

Let a and 6b be the intensities of two polarized bundles of rays, which together are 
equivalent to the partially polarized bundle, the vibrations of the two component 
bundles being respectively parallel and perpendicular to that of the polarized portion 
of this bundle, the quantity of polarized light therein contained will have the value 
— or simply a—8, taking a-++-b=—1, which is the quantity to be estimated. 

Polarimeter—The luminous bundle, after traversing some parrow diaphragms 
arranged in a tube of a length equal to 24 diameters, falls upon a doubly refractive 
prism, which produces, by refraction, two images of the opening of the most distant 
diaphragm. A Nicol’s analysing prism, cut into the form of a right parallclipiped, is 
placed in the centre of a fixed circle, the axis of which coincides with that of the 
tube; an alidade furnished with a vernier allows the rotation of this to be measured. 
Immediately against the terminal diaphragm, there is a cap with an opening of 5 
millimetres in diameter ; it is this that furnishes the two polarized images; the other 
bears a Soleil's quartz-plate, with two rotations, which serves as a polariscope. The 
position of these two openings may be changed at pleasure in the direction of the 
axis of the apparatus. The whole system is enclosed in a concentric, cleft tube, fur- 
nished with a binge; by this arrangement it may be turned upon its axis and fixed 
in any position by means of a ecrew. The apparatus thus arranged is the poleri- 
meter. 

Atmopolarimeter.—To adapt thie instrument for observations on atmospheric 
polarization, it is placed upon a vertical columnar support, standing on a tripod with 
screw feet. At the upper part of the support there is a horizontal circle, provided 
with levels and a compass, to furnish the azimuth of the point observed ; a vertical 
semicircle placed towards the upper part of the column serves to determine the ele- 
vation of this point, and a parailactic circle enables the instrument to be easily ar- 
ranged according to the great circles of the sphere. 

o ascertain exactly the angular distance from the sun to the point under observa- 
tion, a small finder is arranged parallel to the telescope bearing two croesed wires at 
one of its extremities, and at the other a small disc of transparent paper, upon the 
centre of which the shadow of the point of intersection of the two croseed wires will 
be thrown when the apparatus is directed to the sun®. 

Before making an observation, the horizontality of the azimuthal circle is deter 
mined by means of the levels and supporting screws of the tripod; the vernier of the 
vertical circle being at zero, the parallactic circle and the polarimeter must necesse- 
rily be horizontal. When the orientation of the apparatus has been effected, and it 
is directed towards the point of the sky under examination, the double quartz-plate is 
lowered upon the axis of the polarimeter, and the latter is turned upon ite axis until 
the uniformity of coloration of the two discs corresponding with each image indicates 
the parallelism or perpendicularity of the principal section of the polarizer to the plane 
of polarization. The aperture of the cap is then substituted for that of the polariscope 
when the difference in the intensity of the two images becomes manifest, but this 
difference disappears when the principal sectio: of the analyser forms a certain angle, 
«, with that of the polarizer; from this it follows that if the principal section of the 


* The portion of the apparatus devoted to the orientation and pointing of the polarimeter 
presents the same arrangements as a great number of instruments, and does not differ from 
that adopted by Peltier in his modification of Arago’s polarimeter. 
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polarizer be parallel to the plane of polarization, the relation between the intensities 
of the two bundles transmitted is 
a@ sin? a=) cos? «, whence 
6 ise. 
a ee 
but we have already a+5=1, consequently 
b==sin? «, a=cos’ «, a—bcos2 a. 


I¢ is not absolutely necessary that the zero of the circle should correspond exactly 
with the azimuth of extinction of une of the two images; two observations may be 
made, one on each side of this point, noting the angles, d, g’, which correspond with 
P+9'. 


2 


the equality of the images; we then get «= 


The method just described is evidently applicable to the study of the polarization 
of light reflected from the surface of solids and liquids ; the arrangement of the ap- 
paratus for this purpose is too simple to render any details necessary. 

The very recent construction of the apparatus ® hus not allowed ine as yet to make 
any continuous observations with it, but | have already been able to assure myself of 
the precision with which it acts, by making hourly observations at Paris for two con- 
secutive days upon the polarization of a point belonging to the very limited portion 
of ty wich was within my view; the comparative results did not differ by one 

un th. 
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On the Origin of the Submarine Telegraph and its Extension to India and 
America. By Joun W. Brett, London. 


After claiming for himself and his brother, Mr. Jacob Brett, the honour of being 
not only the first inventors, but also the first projectors, of a Submarine or Oceanic 
Telegraph, the author proceeded to give an account of the difficulties and prejudices 
they encountered in establishing the first submarine telegraph, which has now been 
successfully working for three years between France and England; and stated that 
he had established the submarine telegraph between England and Belgium with equal 
success, which had been in operation since the Ist of May 1853. He then explained 
some of the difficulties he had encountered in laying down the two submarine lines 
in fhe Mediterranean in July last,—especially in passing a depth exceeding, by 100 
fathoms, what had previously been ascertained to exist on the route between Pied- 
mont and Corsica. The depths encountered between England and France, and 
England and Belgium, did not exceed at their maximum 30 fathoms; whereas the 
submarine cable was laid down in the Mediterranean at a depth of 350 fathoms, 
exceeding about eight times that of the English Channel. It was the general im- 
pression that the submarine cable would part by the great strain it would encounter 
in passing these great depths; for which reasons he was strongly advised, and more 
particularly by one of the most able and experienced officers of the Sardinian Govern- 
ment, who accompanied and aided the undertaking, to make a détour of about eight 
miles by the islands of Gorgona and Caprija, where the soundings were known not 
to exceed 100 fathoms ; but the great point to be considered was, whether he would 
not iocur the risk of a total loss of the cable by not doing so. The prudence of 
these arguments Mr. Brett said he fully admitted; but that it was a question he 
was determived to solve at once; for as this telegraph was not a telegraph to Cor- 
sica, but part of a line to India, to be shortly completed to Africa, where still greater 
depths must be encountered, it was necessary to test the fact. He then explained 
the difficulties they encountered in paying it out, when, after the line had been paid 
out, as he believes, along the top of a submarine mountain for some miles at a depth 
varying from 180 to 200 fathoms, it suddenly, as he believes, came to the edge of a 
precipice, making a total of 350 fathoms (exceeding by about 100 fathoms any depth 
marked in the various charts on this route), where it ran out with frightful velocity ; 


* This instrument was made in the workshops of M. Duboscq, and has hithertv only been 
exhibited to the British Association for the Advancement of Science. 
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and had the cable been less strong, the whole must, of necessity, have been lost; and 
they were compelled, nevertheless, to anchor by the electric cable all night, to 
restore the injury that had occurred; but he felicitated himself upon the experience 
thus gained from his determination in taking the deepest route, as it had led to many 
valuable suggestions necessary to successful operations in great depths; and the able 
commander, the Marquis Ricci, who up to this time had been in doubt of its success, 
then admitted that this kind of cable contained such remarkable elements of strength 
in its form and combination, that he believed only certain improvements to be 
necessary (on which we had been consulting) to lay it down successfully even in 
the greater depths of the Atlantic. Mr. Brett, in conclusion, explained his reasons 
for selecting this line to India, vid Egypt, in preference to the line by the Italian 
peninsula, which would ever be impeded by the jealousies and restrictions of the 
petty States ; whereas, to the shores of Africa, the Mediterranean Telegraph passed 
through only the States of France and Sardivia, who had encouraged it by liberal 
guarantees, and admitted that all communications in whatever language should pass 
unrestricted through their States. From Africa he stated he had two plans in con- 
templation for its extension to Egypt—one, a line dropped in the Mediterranean in 
the shallow line near the coast, and another buried in the sand along the shore,~ 
both of which he was satisfied might be laid secure from derangement of any kind. 
He then concluded with a statement of the labour and attention he had given for 
many years in preparing for the telegraph to America, and of the depth, on the pro- 
posed line, as recently ascertained by Lieut. Maury, of the United States, with some 
estimates of the weight and cost; and stated that a return of £100 to £150 per 
day would give a fair interest on the necessary capital; that his plan comprised 
several lines of communication ; and that he entirely deprecated the idea of a single 
line of communication, which he believed could not be done. 


On Magneto-Electricity and Underground Wires. 
By Evwarp B. Bricut, Liverpool. 


Magneto-electricity, as well known, is the current induced in a coil of insulated 
wire when moved before the poles of a permanent magnet, a positive current being 
manifested at one end of the coil, and a negative current at the other, upon any 
movement of the coil before the poles. The greatest demonstration of the induced 
currents occurs when the coil used is electro-magnetic (#.e. wound upon a soft iroa 
core). 

As applied to telegraphic purposes, the iron core of the coil, when at rest, partly 
serves as a keeper to the magnet, though not actually in contact with its poles ; and 
when worked by a key attached to the axle, the coil moves freely to and fro before 
the magnet, generating a current with each change of position, which is applied 
to actuate indicators or ring bells at a distance. This principle constitutes the 
system of the Magnetic Telegraph Company; all other Companies ia this kingdom 
and America have adopted the galvanic battery. 

The generating magnets have remained unimpaired in strength during three years 
of constant use (a period in which a dozen consecutive sets of voltaic batteries 
would have been worn out). The magnetic currents induced can be passed through 
subterranean wires to a distance of 660 miles (the greatest extent of such con- 
ductors in England) without any break or renewal of circuit. 

The returp (or recoil) currents from underground wires, which has interfered with 
the working of other telegraphs, is applied in the magnetic apparatus, and assists 
in working it, being made to keep the indicating needles at zero until actuated 
from a distant station. 

A remarkable feature in underground wires is the small comparative velocity with 
which the electric sensation passes through such conductors: Professor Whest- 
etone’s experiments on a short length of wire in a room have demonstrated that 
frictional electricity passes at nearly 300,000 miles per second; such currents 
cannot, however, be practically applied or insulated for telegraphic purposes. Pro- 
fessor Walker's (America) give the speed of galvanic electricity through overgroxad 
telegraph wires at only 16,000 miles per second; while lastly, experiments con- 
dacted by the engineer of the Magnetic Company on an underground length of 480 
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miles of gutta percha covered copper wire, show that the voltaic or magnetic impulse 
varies in velocity, through such conductors, from 960 to 1700 miles per second, 
according to the intensity of the current employed. 

The dimiaution in velocity, as regards the underground wires, is intimately con- 
nected with the recoil current recently analysed by Dr. Faraday, and is due to the 
analogy between such conductors and a Leyden jar, the charge communicated 
being temporarily absorbed by the wire until the mass of copper is saturated with 
electricity. Hence a retardation ensues to a less or greater degree as the intensity 
of the current is increased or diminished. 

From the foregoing I deduce that the speed with which electricity passes, varies 
with the energy (é. ¢. intensity) of the current employed, and also with the nature or 
conditions of the conductor interposed through which it passes. 

Underground wires are only affected by terrestrial electricity when a flow takes 
place from one district of the earth’s surface to another; while overground wires 
are also subjected to the action of perturbative currents whenever the electrical 
‘status’ of the atmosphere changes as regards the earth—principally with the rise 
or fall of dew, or during aurora borealis. 

The ‘ Quarterly Review’ for June 1854 contains a most erroneous comparison 
between the English and American telegraph charges. The American rate for a 
message of fourteen words between Louisville and Pittsburgh is stated by the 
‘Review’ to be sixpence halfpenny, whereas, upon reference to the United States 
‘Telegraph Tariff,’ published in April last, the cost of such a message is two 
shillings and eightpence, while the English charge for a similar communication an 
equal distance (between London and Liverpool), prior to the publication of the 
* Review,’ was two shillings und sixpence. Twenty words might be sent in this 
country for the same amount (two and sixpence), while in America the charge 
would be three shillings and sixpence. 

The ‘ Quarterly Review’ also states that the cost of a message of ten words from 
New York to New Orleans is two shillings and sevenpence. Upon referring to the 
American tariff scale it is found to be fex shillings. 

The greater w@conomy claimed by the ‘ Review’ for America does not exist, but 
the advantage is on the English side; and I therefore hope that this refutation will 
prevent an impression so injurious to the system of our country from being generally 
received. 


On an Apparatus for elliptically-polarized Light. By M. Dove, Berlin. 

Ifa ray of light be incident in a plane perpendicular to the edge of an isosceles 
prism, and in a direction parallel to the base (or face equally inclined to the two 
others), and the refracted ray, after being totally reflected at the base, emerge at the 
third face, the emergent ray will be parallel to the incident, and its course may even 
be a continuation of that of the incident ray. If the incident ray be polarized, the 
polarization will be modified by total reflexion. If now two such prisms, of proper 
angles, be mounted in a tube, so that their edges are perpendicular, and their bases 
parallel to the axis of the tube, and one of the prisms be moveable about the axis of 
the tube, a ray entering the tube in the direction of the axis will pass through both 
prisms without deviation, whatever be their relative azimuths. If the prisms be 
placed with their bases perpendicular to each other, it is plain that in case the ray be 
polarized, its state of polarization will not be changed ; but if one prism be turned 
round through 90°, the effects of the two total reflexions will conspire. In this way 
all varieties of elliptically-polarized light, from plane to circular, may be produced 
without the lateral transport of theray, which is so inconvenient in Fresnel’s rhomb. 


On some Stereoscopic Phenomena. By M. Dove, Berlin. 


The author was chiefly induced to draw the attention of the Section to this subject 
in consequence of Sir David Brewster, who he greatly regretted was not at this 
meeting, having denied at the Belfast Meeting the soundness of the explanation which 
the author had given of the cause of the appearance of those bodies which exhibited 
the metallic lustre. This he considered to arise from the superficial layers of par- 
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ticles being highly, though still imperfectly transperent, and permitting the inferior 
layers to be seen through them. This effect we see produced when many wateh- 
glasses are laid in a heap, or when a plate of transparent mica or talc being heated 
red-hot is thus separated ,into muititudes of thin layers, each of which, of incosceivable 
thinness, is found to be highly transparent, while the entire plate assumes the lustre 
of a plate of silver. This explanation receives a very striking confirmation from the 
stereoscopic phenomena which he now drew attention to, He then presented to 
the Section and described a very simple and portable modification of the stereoscope, 
consisting of two lenticular prisms mounted in a frame like a double eye-glaes. Upon 
examining with this two diagrams, drawn one for the right, the other for the left eye, 
with lines suited to give the idea when viewed together of a pyramid, cube, cone, or 
other mathematical solid, but the lines on one drawn on a white ground, the other 
on a dark or coloured ground, on viewing them together the solid appeared with the 
metallic lustre. The author termed it ‘‘Glance.”’ This, he conceived, demonstrated 
his original idea to be correct. 


On a Method of measuring the Absorption of Polarized Light in doubly re- 
fracting Crystals. By M. Dove, Berlin. 


A feeble degree of double absorption in a crystal may be detected with great deli- 
cacy by using the crystal as an analyser in viewing, suppose, a piece of unannealed 
glass in polarized light. The same method may be modified, so as to afford a measure 
of the power of double absorption possessed by any crystal. For this purpose, it 
is sufficient to combine with the crystal a plate of giass, or a pile of plates, which is 
inclined until it exactly compensates the polarizing power of the crystal, which is 
known by the complete disappearance of the figures in the unannealed glass. The 
angle of inclination affords data for the determination of the ratio sought. 


M. Duboscq then presented to the Section philosophic apparatus for showing in 
projection on a screen to a large auditory all the phenomena of light; the author 
was requested to permit Prof. Stokes to exhibit and explain at the evening meeting 
the apparatus, and to show with it the leading phenomena of light. 


On Photographs of the. Moon and of the Sun. 
By the Rev. J. B. Reavr, ALA, FRY. 


The author recounts in thre first place the prominent results of several trials to 
obtain photographic pictures of celestial bodies, previous to Mr. Whipple’s success 
in 1851, and then proceeds to phenomena which have fallen under his own ob- 
servation. 

“ The two daguerreotypes of the moon, an original and a copy, which illustrate 
this paper, will be examined with some interest by the Section. The fainter picture, 

roduced by the moon herself, in the focus of Bond’s refractor, was taken in America. 

t possesses a very remarkable, but latent sharpness, which, however, is so scarcely 
visible to the eye, that to ascribe to it this character may almost provoke a smile. 
The proof of its having such a property is furnished by the beautiful copy of it of 
the same size, which my friend, the Royal Astronomer for Edinburgh, obtained by 
throwing strong sunlight upon the moon’s daguerreotype picture of herself, and 
obtaining a reverse solar impression of it in a common camera, the conjugate foci 
being equal. The tones of grey and yellow which mark the action of the moon, 
become, when handled by the sun, fine contrasts of black and white. The mountain 
chain round the portion of the Mare Imbrium, is finely given in the copy, though it 
almost requires a stretch of the mind’s eye to discover some of the details in the ori- 
ginal. The well-known ray of light from Menelaus passing through the centre of 
the Mare Serenitatis, is another point of striking contrast in the two pictures, as 
well as the outline of the shadows in several of the craters. It is said that Lord 
Rosse was much interested with this happy experiment by Prof. Piazzi Smyth, as it 
tended to solve a question which had often occurred to him respecting the probable 
beneficial use of penetrating sunlight under such circumstances; and in this point 
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of view, it is well worthy of being recorded. Two Calotype examples of seleno- 
graphy form additional illustrations of this paper. The small moon, fastened on a 
corner of the larger picture, was taken by Mr. Henry Pollock with a double com- 
bination of short focus, and in less than a second. The bright point of Tycho, 
though on so small a scale, is well marked at the top of this minute Calotype, and 
the seas, to which I have already referred, give their more sombre reflection at the 
bottom. This is chiefly of interest as showing the decided energy of a power which 
io former years was supposed to be absent. 

“‘The more important drawing is a large positive picture of the full moon, pearly 
nine inches in diameter, and therefore on a scale of about 250 miles to the inch, of 
which the negative was taken, on the 6th of September, in the focus of the ‘ Craig 
telescope,’ at Wandsworth, whose diameter is 24 inches and focal length 77 feet,— 
and when I state that it is the first attempt, it will be received, notwithstanding 
certain imperfections of manipulation, which are not concealed by artificial tinting, 
as a step in the right direction. All the more important features of the moon’s sur- 
face will be discovered by those who are familiar with their telescopic appearance, 
and the portion of the eastern hemisphere adwits of interesting comparison with the 
sun’s daguerreotype copy already described. We find in both, and with almost equal 
distinctness, the Mare Crisium with the bright surrounding country which separates 
it from the Mare Foecunditatis and Mare Tranquillitatis to the south and west,—the 
Crater Menelaus with the ray already spoken of,—the semicircular ridge round the 
Mare Imbrium, and the unreflective crater, Plato, at its north-west extremity. On 
the western side, we have the bright Aristarchus, Kepler, Copernicus, and Tycho, 
with the streams of molten lava extending over the southern hemisphere ; but owing 
to the phase of full moon, the craters and mountains are not relieved by shadows. 
The time of exposure of the collodion negative was thirty-five seconds; but it is 
evident that Tycho and the brighter portions are overworked. In the absence also 
of an equatorial mounting, perfect steadiness could not io the first instance be 
secured. Mr. Gravatt applied a micrometer screw to the eye end of the telescope, 
and turned it with a winch handle, and when the moon was on the meridian this 
was almost tantamount to an equatorial motion for the space of thirty-five seconds. 
A fine wire stretched across an aperture in a slip of wood was placed close behind a 
negative when in the focus of the telescope, and Mr. Gravatt found that by humming 
a tune he could turn the handle of the micrometer so steadily as to keep Aristarchus 
continually bisected. Mr. Prout, who prepared the collodion surface, unfortunately 
counted the seconds too loudly for ‘ the man at the wheel,’ and hence arose a jittle 
cause of unsteadiness, which was afterwards prevented by my attending to the time 
of exposure instead of Mr. Prout. Collodion pictures of the moon, as well defined 
as her image on the ground glass, and taken through all her phases, would leave 
scarcely anything to be desired in consequence of the magaifying power of the 
onject. Blass itself; and future experiments will be directed by Mr. Craig into this 
channel. 

‘* On the night of the 11th of September, we renewed our attempt when the moon 
was in a more picturesque position; but an undetected source of error, and the 
increasing density of the fog when the moon was on the meridian, prevented us 
from procuring a successful negative. Moreover, the true photogenic focus has not 
yet been obtained by means of sulphate of quinine. I may state, however, that the 
division in Saturn’s ring, the slate-coloured ring, and the inner satellites, were well 
brought out with my solid eye-piece, under a power of 300; and a and e Lyre, 
with their minute companions, were also well exhibited. In fact, the present 
superiority of the telescope, though confessedly admitting of improvement in figure, 
consists in its command over the faintest points of light. That so large an object- 
glass, worked at a mechanical disadvantage by hand, and not machine polished, 
should do so much in its first offer to the stars, is far from discreditable to those who 
calculated and ground the curves; and the errors, which are now known and esti- 
mated, will be corrected by reworking the surfaces on the plan adopted by Lord 
Rosse and Mr. Lassell. On the 12th, the morning following, I endeavoured, with 
Mr. Gravatt, to take the sun on the meridian, and on the same scale as the moon ; 
and [ succeeded by an instantaneous operation in exhibiting, in the negative, the 
peculiar mottled character of the surface which is usually brought out by high mag- 


12 REPORT—1854. 


nifying power. Dr. Diamond, who printed the positive of the moon, found the sun 
picture, however, rather overdone for transferring.—It will be necessary, therefore, 
either to use collodion and nitrate of silver simply, without any or but little sensi- 
tive solution, or else to pass the sun’s rays through some coloured glass, which will 
partially retard their energy. A series of pictures of the spots on the sun, as well 
as of the general surface, may then be successfully obtained ; and hence it is not too 
much to anticipate some accession to our knowledge of the physical character of 
both our great luminaries by means of this gigantic telescope, which Dr. Diamond 
enables me to exhibit photographically to the Section. 


On Errors which may be occasioned by disregarding the Influence of Solar 
or Artificial Light on Magnets. By Sir Joun Ross. 


On the Deviation of the Magnetic Needle peculiar to Liverpool. 
By Sir Joun Ross. 

The author stated that his attention has for some time been called to the fact of 
ships sailing from the port of Liverpool, after having been swung in the Mersey to 
obtain the amount of deviations, that immediately on their proceeding on their 
voyage it was found that the deviation observed in the Mersey was incorrect, and 
there have been lamentable instances of shipwreck attributed to this cause. It has 
occurred to him that this untoward circumstance is very easily explained. The 
Mersey is not a locality eligible for ascertaining the true deviation of the magnetic 
needle, the ships being in a position between establishments in which large masses 
of iron are deposited, which must have an influence on the magnetic needle during 
the evolution of swingiog the ship, while the embarkation of passengers with their 
luggage, or anything else subsequent to that process, cannot but have the effect of 
producing a false and dangerous result to the observations. To remedy this, it is 
proposed that the present method of swinging the ship in the Mersey shall be con- 
tinued; and, in order to obtain a verification or a correction of results observed at 
that time, it is proposed to place on the sandhills of Rockland (near the Rock Light- 
house), two posts or beacons, true north and south of each other, in the positions 
best seen near the red buoy of the Rock Channel, when the ships passing will be 
steering about true west, or west-north-west, by compass. When these two objects 
can be brought into one, é. e. due north of each (both being south of the ship), either 
a verification of the deviation that was observed in the Mersey, or the amount of 
difference to be taken into consideration or account on that particular point of 
the compass, will be shown, from which a calculation may be made in approximation 
of the other points ; and if, further on, two other posts were erected on the magnetic 
meridian, the ships, on passing them, when in one with each other, could observe 
the exact amount of the deviation either in the increase or the diminution of the 
variation on the course of the ship, keeping in mind that it will be on the south 
point of the compass that the observations will be made. Posts placed due south 
of Lizard Lighthouse would be useful, and also on the magnetic meridian. But all 
posts or beacons denoting the true north or south bearings, and those further off 
denoting the magnetic meridian, should be painted of different colours. The former, 
that is, the true or nearest, should be red; while the latter, showing the magnetic 
meridian, should be chequered. Great Ormshead and Holyhead should have beacons 
placed on them, which would be observable to ships both outward and homeward 
bound. 


On Pictorial and Photochromatic Impressions on the Retina of the Human 
Eiye. By the Rev. Wittiam Scorgssy, D.D., F.R.S. §e. 


The author explained, with much minuteness of detail, the varying phenomena 
which presented themselves to him after gazing fixedly for a few seconds (or from 
a momentary glance to a minute) on transparent, luminous or strongly illuminated 
objects—such as a window, viewed from within a room, a statuette, an aperture 
in the clouds, the sun, &c. On closing the eyes, gently, with the head kept steady 
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as when gazing, the image or picture was seen, or, as the author expressed it, 
‘* photographed on the retina.” He described the variety of results from different 
degrees of transmitted light, and times of gazing, and modes of regulating the light 
penetrating the eyeball, both as related to the colours elicited and the number and 
nature of the photochromatic changes. Pictures of a window were retained for 
an hour, whilst breakfast was taken and other objects pursued. By means of 
partial black screens, pictures were composed out of different portions of an illumi- 
nated object, and curious dislocated representations of a statuette, &c., or multiple 
figures were obtained; and of the sun more than a hundred pictures, with differences 
of colour, were seen at once with the closed eyes. The applications of the experi- 
ments to the examination of the interior of the eye, in cases of amaurosis, &c., were 
very important. The entire series of phseenomena would be more tban our space 
would permit us to describe in detail, as given by the author; but experience shows 
that they vary in their general character in different individuals; and even the same 
individual finds them different, especially as to the succeeding series of photochro- 
matic changes, at different periods of life. 


On a Graphic Method of Correcting the Deviations of a Ship's Compass. 
By ARcHIBALD Smith, M.A, F.RSE. 


Account of Experimental Researches in Thermo- Electricity. 
By Professor W. Toomson, M.A. F.R.S. 


The experiments described in this paper have been made for the purpose of con- 
tinuing the investigation of various branches of the subject commenced in researches, 
of which an account was published in the ‘ Proceedings of the Royal Society’ for 
May last. In one class of experiments, thermo-electric inversions, of the kind first 
discovered by Prof. Cumming, were sought for between various pairs of metals; and 
many remarkable variations of order in the thermo-electric series were found. The 
following table exhibits the results of observations to determine the neutral points 
in various cases in which thermo-electric inversions had been ascertained. The first 
column is the temperature, Centigrade, at which the two metals opposite are thermo- 
electrically neutral to one another, and the latter metal is that which passes the other 
from bismuth towards antimony as the temperature rises :— 


—I4 Cent. .... P 3-—Brass, 64 Cent. .... P 3—Copper. 
—12°2 ,, «.e. P y—Cadmium. 99 4, «..-. P ,—Braas. 
—1°5 5, see P 4—Silver. 121) 4g, ee ee )=0OP Lead. 

82 4, «.«-e- P,—Zine. 1300S ,, = we ee 0 Py —Tin. 
364g = we se )~— PP ge Lead. 162°5 ,, ..2. Iron—Cadmium. 
88 ,, +--+ P —Brass. 237 = 4g ~S ee ee ~=—dTron——Silver. 

44 4, «22. =P g—Tin. 280 , «+++ Iron—Copper. 


44 ,, «... Lead—Brass. 


*,* P,, Pa P, denote three different specimens of platinum wire, which have been found 
to differ very murkedly and constantly in their thermo-electric qualities. 


It was also found that brass becomes neutral to copper, and copper becomes neutral 
to silver, at some high temperature, estimated at from 800° to 1400° Cent., in the 
former case, and from 700” to 1000° in the latter. A diagram, showing the results 
of these observations, and the orders of the different metals in the thermo-electric 
series at different temperatures, was exhibited to the Section. In other experiments 
the effects of magnetization on the thermo-electric qualities of iron were tested. 
It wes found that both soft iron wire, longitudinally magnetized when actually 
under the influence of a galvanic helix, and steel magnetized permanently in an 
ordinary way and removed from the magnetic influence by which the magnetic state 
is induced, exhibit very decided thermo-electric effects of the magnetization : in each 
case a thermo-electric current in metal homogeneous except as regards magnetiza- 
tion, could be produced with great facility; the current being always from unmag- 
netized to magnetized through the hot junctions. It is intended to continue the 
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experiments to ascertain the effects of transverse magnetization on portions of 2 
circuit of soft iron or of steel wire; and to test differences of thermo-electric 
properties in different directions in a magnetized mass, which the author antici- 
pated from certain considerations more fully explained in a theoretical paper on 
thermo-electricity in crystals recently communicated to the Royal Society of Edin- 
burgh. Experiments on the effects of temporary and permanent strains, by tension, 
and by either lateral or longitudinal compression, on various metals were described. 
The thermo-electric effects of temporary tension in the cases of copper and iron, 
which had been communicated by the author to the Royal Society in May (namely, 
current from stretched to unstretched through hot, in copper, and from unetretched 
to stretched through hot, in iron), were veritied by means of a new form of appare- 
tus so simple that he hoped to be able with great ease to test the corresponding 
property for a great variety of metals. In those two cases the permanent thermo- 
electric effects of permanent extension by drawing the wires through a draw-plate, 
which had been discovered by Magnus, were the reverse of temporary effects of 
temporary extension discovered by the author of the present paper. The thermo- 
electric effects produced by permanent lateral compression, always found to agree 
with those of permanent longitudinal extension, were tested in the cases of zinc, tin, 
cadmium, and lead, and were found to be the same as in the case of copper. The 
current was from unstrained to strained through hot in each case. Some of these 
results agreed, while others appeared at variance, with what might have been ex- 
pected from Magnus’s careful experiments; but as the author had not completed a 
cycle of experiments which he proposed to make on the thermo-electric effects, 
either temporary or permanent, of longitudinal extensions, lateral compressions, 
Jongitudinal compressions, and lateral extensions, he refrained from any further 
remarks on the prescnt occasion. 


On the Diamagnetic Force. By Professor Tynpaut, Ph.D., F.R.S. 


With regard to the character of the diamagnetic force great diversity of opinion 
prevails. In Germany, we have Weber affirming that diamagnetic bodies possess a 
polarity opposed to that of iron. Weber’s countryman, Von Feilitsch, combats this 
Opinion in a series of memoirs recently published in Poggendorff’s ‘ Annalen.’ He 
affirms that diamagnetic bodies possess a polarity the same as that of iron; and en- 
deavours to bring the phenomena into harmony with this view. In this country, 
on the contrary, we have Prof. Faraday, and it was believed, Prof. Thomson, neither 
of whom are prepared to admit the existence of any polarity whatever on the part 
of diamagnetic bodies. These divergences were a sufficient proof of the difficulty of 
the subject, and the necessity of caution in dealing with it; the author, therefore, 
thought it well to commence with the fundamental phenomena, and ascending from 
them to the more complicated, to endeavour to obtain, by strict adherence to experi- 
ment, a clear insight as to the real nature of that force by which certain bodies are 
repelled by the poles of a magnet. From an extensive series of experiments made 
with different bodies, and under the most diverse circumstances, the author selected 
a few which clearly exhibited the law according to which the repulsive force aug- 
ments when the strength of the repelling magnet is increased. Were the repulsion 
of a diamagnetic body dependent on any constant property of the mass, then its re- 
pulsion must be simply proportional to the strength of the magnet ; but it is proved 

y the concurrent testimony of experiments carried on in Germany, France and 
England, that for a wide range of magnetic power, the repulsive furce increases as 
the square of the strength of the influencing magnet. This leads inevitably to the 
conclusion that the repulsion of a diamagnetic body depends, not alone on the mag- 
net operating upon it, but upon the joint action of the magnet and diamagnet. A 
piece of bisrnuth, for example in the presence of the magnet, is thrown by the latter 
into a state of excitement, which varies as the magnetic strength varies, and in virtue 
of which the substance is repelled. The next question to be decided is, whether the 
state of excitement evoked by one pole, in a diamagnetic body, enables a pole of 
an opposite quality to repel it. To decide this, two cores of soft iron were so bent 
that the two semi-cylindrical ends of the cores could be placed close together, so as 

9 form a single cylinder of the same diameter as that of the straight portions of the 
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cores. The cores being placed in suitable helices, could be so excited that the con- 
tiguous poles were of the same or of opposite names. A bar of bismuth was freely 
suspended, so that both poles could act upon it simultaneously. When the cores 
were excited, so that the poles were alike, the bismuth was repelled; when the poles 
were of different names, the bismuth bar remained motionless; all action upon it 
was annulled. This experiment confirms those of Reich, and proves that the con- 
dition, whatever it may be, which is evoked by one magnetic pole is neutralized by 
the other, that each particular pole evokes a condition peculiar to itself; and here 
we obtain the first glimpse of the dual nature of the force under consideration. The 
next portion of the inquiry treated of the deportment of diamagnetic bodies when 
acted upon, first, by the magnet alone; secondly, by the electric current alone; 
and thirdly, by the current and the magnet combined. When we speak of the de- 
portment of bismuth in any one of the cases mentioned, no exact meaning can be 
attached to the phrase unless it be first strictly defined in what direction, as to the 
planes of crystallization, the mass has been cut. A bar of bismuth, in which the 
planes of principal cleavage are parallel to the length of the bar, and acted upon by 
the magnet alone, will set itself perpendicular to the magnetic Jines of force. A 
bar, on the contrary, in which the planes of cleavage are transverse, will set itself 
parallel to the solid lines. The former bar Professor Tyndall calis a normal dia- 
magnetic bar; the latter an abnormal one. The most perfect antithesis is observed 
in all cases between the deportment of the normal diamagnetic bar and a bar of soft 
iron; the forces which cause a deflection of the former from right to left produce a 
deflection of the latter from left to right. If the former take up a position of equili- 
briam from south-west to north-east, the position taken by the latter will be from 
south-east to north-west ; and throughout the whole experiments the same oppo- 
sition of action is exhibited. By mechanical means, an abnormal magnetic bar was 
obtained—a bar which set its length at nght angles to the line joining the poles. 
The abnormal diamagnetic bar shows throughout a deportment precisely antithetical 
to that of the abnormal magnetic one; but when we compare the normal magnetic with 
the abnormal diamagnetic, or the normal diamagnetic with the abnormal magnetic, 
the deportment is in all cases perfectly alike. It is evident, therefore, that unless the 
influence of structure be attended to, the greatest errors and the most inaccurate con- 
clusions may be founded on the deportment both of magnetic and diamagnetic bodies 
in the magnetic field; but the thing which chiefly concerns us here is the strong pre- 
sumption which the experiments justify, that whatever be the nature of the influence 
evoked in magnetic bodies by the action of currents, of magnets, or of both combined ; 
to an influence of the same nature, but antithetical in its manner of distribution, the 
deportment of diamagnetic bodies is to be referred. The next section of the inquiry 
imparted clearer knowledge as to the nature of diamagnetic action. Two helices were 
so placed that the ends of the soft iron cores which fitted into them were about 
6 inches apart from centre to centre; the helices were at opposite sides of the plane 
which touched the ends of the cores. A helix of copper wire was introduced, and 
within it a bismuth bar 64 inches long and four-tenths of an inch in diameter was 
freely suspended, so that the ends of the bar were opposite to those of the soft iron 
cores. A current being sent through the helix, if the bismuth bar within it were ex- 
cited by the current, it was probable that the nature of the excitement would mani- 
fest itself in the action of the magnets upon the diamagnetic body. By working 
delicately, the most perfect mastery was obtained over the suspended bismuth; when 
the current through the helix flowed in a certain direction, the ends of the diamagnetic 
bar were repelled by the electro- magnets; when the current flowing through the helix 
was reversed, the same ends were attracted by the magnets. The same effect 
was obtained when, instead of reversing the helix current, the polarity of the two 
magnets was reversed. On comparing the deflections with those of soft iron, it was 
found that they were perfectly antithetical, The excitement which caused the ends 
of the iron bar to be attracted caused the ends of the bismuth bar to be repelled, 
while the excitement which caused the ends of the iron bar to be repelled caused those 
of the bismuth bar to be attracted. All these experiments point irregistibly to the 
conclusion, that, whatever the ideal magnetic distribution in iron may be, a precisely 
opposite distribution occurs in bismuth,—or, in other words, that the diamagnetic 
force is a polar force, but that the polarity is the reverse of magnetic polarity. If, 
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however, this be true, the bismuth bar, when the current circulates round it, must 
have its two ends in different states; but if in different states, then if we make the 
two poles acting upon the ends of the bar alike, we ought to have attraction at one 
end, and repulsion at the other,—the result of their opposing actions being that the 
bar muet remain undeflected. This experiment has been made, and the result is 
in perfect accordance with the conclusion just expressed; when both } 

poles are of the same name they completely neutralize each other. Following up this 
inductive reasoning, it is easy to see that if what has been stated be correct, when we 
bring two magnets, with poles of the same name, to bear upon the two ends of a 
bismuth bar, the direction of the force emanating from the two poles being the same, then 
the repulsion of one end and the attraction of the other, instead of, as in the former 
disposition, neutralizing each other, ought to constitute a mechanical couple tend- 
ing to deflect the bar; and if two other like poles, but of opposite names to the 
former two, be caused to act upon the bar, the force of deflection ought to be 
increased. In this form the experiment was made before the Section. Four 
magnets were made use of; the two poles to the left were of the same name, and 
the two to the right were of the opposite quality. The result coincided with the 
author's anticipations, and the bar was promptly deflected. These experiments, 
without any exception, are all corroborative of the view, that diamagnetic bodies 
possess a polarity opposed to that of magnetic bodies,—but they do not prove that 
the physical theory of Weber iscorrect. Indeed, it is scarcely possible that his hypo- 
thesis can stand in opposition to the experimental evidence which can be brought 
to bear against it. One consequence of the truly beautiful theory referred to is, that 
when the particles of a diamagnetic body are caused to approach each other, the effect 
of their approximation will be to enfeeble the magnetic action along the line of 
approach. This view is controverted by experiment, which proves that the approxi- 
mation of diamagnetic particles has an effect precisely opposite to that deduced from 
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Professor Tyndall exhibited experiments to show some Peculiarities of the Magaetic 
Field. The Professor showed that a piece of soft iron suspended between the flat poles 
of an elcctro-magnet set its longest horizontal dimension from pole, the residual mag- 
netism of the cores being sufficient to produce the effect. This is the normal deport- 
ment of magnetic bodies, but it is by no means universal. By mechanical agency, by 
pressure for example, the structure of a magnetic body can be so modified that its 
shortest horizontal dimension sets from pole. Prof. Tyndall exhibited actions of the 
kind where the body operated on was compressed magnetic dust. In such a body two 
Opposing tendencies were at work,—the tendency due to length, which sought to set 
the length axial ; and the tendency due to structure, which sought to set the line per- 
pendicular to the length axial. Between the flat poles the latter tendency was pre- 
dominant, but between pointed poles this was not the case; here the attraction of the 
ends of the magnetic mass by the points constituted a mechanical couple of sufficient 
strength to overcome the directive tendency which was due to structure, and to draw the 
mass into the axial line. But in raising or lowering the body operated on out of the 
sphere of this local attraction, by bringing it into a position where the distribution 
of the magnetic field reseinbled that existing between the flat poles, the body forsook 
the axial position and turned into the equatorial. The complementary phzenomena 
were exhibited by diamagnetic bodies. A normal bar of bismuth set its length at right 
angles to the line joining the poles; but Prof. Tyndall exhibited a bar of this substance, 
which set between the flat poles exactly as a magnetic body. Such a bar, however, 
between the points set equatorial. On raising it or lowering it, however, it forsook 
the equatorial position and set axial. In this case the local repulsion of the ends 
between the points caused the bar to set equatorial, the influence of length thas pre- 
dominating over the influence of structure; but removed from the sphere of this 
local action, the directive tendency of the mass triumphed, and caused the bar to set 
axial. The bar in this case was cut with its length at right angles to the planes of 
most eminent cleavage of the bismuth :—it is a proved fact, that these planes, wien 
the influence of form is annulled, always set at right angles to the line joining the 
poles, and hence where they are transverse to the length, the bar will set axial. 
These phenomena were examined in a great number of cases; bars were taken from 
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substances possessing a directive tendency, and it was so arranged that the directive 
tendency due to structure was always opposed to the influence of length; between 
the points the former tendency succumbed to the latter, while between the flat poles, 
or above and below the points, the former was triumphant. It is amusing to observe 
the strife of these twa tendencies in substances possessing a strong directive action. 
A plete of crystallized carbonate of iron, when properly suspended, will wrench itself 
spasmodically from one position into the other, and find rest nowhere. The simple 
law which governs all these actions is, that if the body, cut as above, be diamag- 
netic, its length sets cquatorial between the points, but above and below them azial, 
If the body be magnetic, it sets axial between the points, above and below equatorial. 
Hence the rotation of a magnetic body, on being removed from between the points, 
is always from axial to equatorial; while the corresponding rotation of a diamagnetic 
body is always from equatorial to axial. The deportment of wood in the magnetic 
field was next described. Nearly sixty specimens examined by Prof. Tyndall were all 
diamagnetic; all of them were repelled by the poles of the magnet; cubes of each, 
when suspended with the woody fibre horizontal, set, between the excited poles, with 
the fibre perpendicular to the line which unites the poles, Thinking that wood, on 
account of its structure, would exhibit those directive phenomena which had been de- 
monstrated in the case of the bodies mentiuned at the commencement, bars were 
taken from nearly forty kinds of wood, the fibre being at right angles to the length 
of the bar; in the centre of the space, between two flat poles, all those bars set their 
lengths from pole to pole. But Prof. Tyndall afterwards observed the remarkable 
fact, that homogeneous diamaguetic bodies did the same. Bars of sulphur, of salt 
of hartshorn, of wax, and other diamagnetic substances, when suspended in the cen- 
tre of the space between two flat poles, set their lengths from pole to pole. Now, 
as diamagnetic bodies always take up the position of weakest force, it wae proved by 
these experiments, and corroborated by others not cited here, that the line joining 
the centres of two flat poles, contrary to the general opinion hitherto received, was 
the line of minimum force. 


On Improvements in Submarine and Subterranean Telegraph Communica- 
tions. By C. F. Varnvey, London. 


The inventor explained experiments he had made with gutta percha covered wires, 
varying from 30 to 1500 miles in length, and showed an enlarged diagram, the 
original of which was drawn by the electric currents themselves decomposing solu- 
tions of ferrocyanide of potassium and nitrate of ammonia, with which the paper 
was saturated. ‘These experiments showed, that the electric current did not appear 
suddenly at the extreme end; but the wire becoming charged by induction, like a 
Leyden jar, the current commenced gradually and did not reach its maximum power 
through 1500 miles of wire until seven seconds of time had elapsed, and continued 
flowing out seven seconds after contact with the battery had ceased; that with the 
ordinary telegraph systems such a wire would require fifteen seconds of time ta 
make each signal, and as several signals are required for a letter, only one average 
word could be transmitted per three minutes. Mr. Varley showed, that with the 
submarine and subterranean wires between Holland, London, Liverpool, and else- 
where, the Baines and Morse’s instraments would only work at speeds too slow for 
commercial purposes; but that by aid of his apparatus these wires are now and 
have been for six months working at the required speed, viz. twenty-five words per 
minute, for which 300 alternations of current per minute are required, The effecta 
of the former two telegraphs with these wires when working fast is to run all the 
marks together, because the first electric impression has not ceased when the second 
is given; but his apparatus, by spilling the charge and reversing the current at 
every move of the key, produces rapidly alternating currents through the wire, 
which, though very weak at the extreme end of the wire, are quite sufficient ta 
actuate his galvanometer relay, which actuates a local battery to produce the marks. 
The little arm on the axis of the relay, instead of striking against a dead stop, rubs 
obliquely against a gold spring, filing off the little film of air which otherwise would 
prevent the instant completion of the local circuit; gravity also is made to assist, 
this contact, So sensitive is this apparatus, that four elements of 9 copper and zing 
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battery have been found sufficient to work from Manchester to*London. He added, 
“Its advantages over the needle systems are,—it requires only one wire, gives 8 

rinted record of all communication, requires but one-fourth the power to actuate 
it, and is not interrupted by a comparatively defective insulation. It gains these 
advantages :—Ist. By discharging the line-wire between every move of the key. 
2nd. Gravity aiding electricity in making the relay contact, thus using the sun 
instead of the difference of the forces. 3rd. The sliding action of the relay contact, 
by rubbing off the thin film of air, gives sure and instant contact with a very small 
amount of battery power. 4th. It will work through a very considerable amount of 
leakage from one wire to the other, because there is a current always flowing 
through the wire, rendering this apparatus peculiarly adapted for wires suspended 
in the air, and which leak from one to the other in damp weather, the surfaces of 
the intended insulators becoming coated with moisture.” 

After dismissing the mechanical difficulties of laying a cable between England and 
America, he stated, ‘‘ I have come to the following conclusions :—-Ist. If a wire could 
be suspended in an unbounded non-conductor or atmosphere with no conducting 
body near it, the transmission of an electric current through it would be instanta- 
neous, no matter what the length of wire. 2nd. The approach of any conducting 
body to thie wire would (by induction) reduce the speed of the transmission ss 
shown in the 1500-mile experiment. 3rd. In the case of a wire cuated with a non- 
conducting substance (such as gutta percha), the induction decreases in the same 
proportion as the thickness of the coating is increased. 4th. The conducting power 
of a wire is in proportion to its substance, the induction in proportion to its sar- 
face.” 


He then calculated the dimensions of a cable 3000 miles in length, which would 
transmit twenty-five words per minute. ‘‘ A copper wire one-sixth of an inch ia 
diameter, coated with gutta percha to the depth of nearly half an inch, would be 
found capable by aid of my apparatus of transmitting twenty-five words per minate 
3000 miles ; to work the ordinary telegraphs the copper wire must be three-eighths 
of an inch in diameter and coated with gutta percha three-fourths of an inch, making 
a total diameter of about 2 inches.”’ 

Mr. Varley’s apparatus has been in use six months, both by the Electric Tele- 
graph and International Telegraph Companies. 


Notice of some Experimental Researches into the Application of the Voltaic 
Battery to the Ignition of Gunpowder. By Capt. Warp, RE. 

Capt. Ward having been requested by Sir John Burgoyne, Inspector-General of 
Fortifications, to carry out some experiments for determining the best form of voltaic 
battery for military purposes, he made himself fully acquainted with the labours of 
Ohm, Wheatstone and others, and, whilst verifying many of their theoretical re- 
searches, made them the bases for his own inquiries. After & most careful com- 
parison of several batteries, he adopted a Grove’s battery, the solid elements being 
zinc and platinum, and the liquid nitric acid and dilute sulphuric acid; and he finally 
ascertained that plates, only 2 inches square, were, perhaps, the most satisfactory 
as regards work and cust. These he arranges in small elementary batteries of six 
pairs, which, with the containing box, occupy a space of only 7 inches long, 4 inches 
wide, and 4 inches deep, so that eight or nine of these elementary batteries, capable 
of igniting gunpowder at the greatest distances likely to be required for military 
purposes, would be arranged in a space of 1' 2” by 1’ 4” or 1'9” by lI’ 4”. In 
carrying out his expetiments, and especially in determining the relative value of each 
form of battery and the effect of any modifcation of the battery or of the conducting 
Wires in respect to the calorific effect, Capt. Ward found that the deflection of the 
needie of the ordinary galvanometers was so great as to render it unfit for the 
estimation of differences in the electrometric force in such powerful currents; and 
he therefore constructed a very simple instrument, by which he is enabled to in- 
terpose one, two, or more pieces of thin platinum wire in the circuit; and, using 
this instrument, in conjunction with Prof. Wheatstone’s rheostat, to determine the 
relative force of any battery, as well as the resistance of the platinum wire itself, by 
the calorific effect exhibited on the fusion of the platinum wire. These researches 
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are now preparing for publication in the Professional Papers of the Corps of En- 
gineers, and are, in fact, going through the press; but Lieut.-Col. Portlock thought, 
it desirable to make known to the Section these first labours of a most talented young 
officer, who has been already appointed to the responsible post of Master of the 
Australian Mint. He was first recommended by Major-Gen. Lewis asa n 
highly fitted to conduct the electrical experiments, and commenced them under his 
direction at Portsmouth; but he soon passed far beyond the simple experiments 
then projected, and has rendered his researches not only valuable as a scientific work, 
but important as an example of assiduous study and careful experiment to his brother 
officers. 


ASTROKOMY. 


New Observations on Solar Spots and Fecule, and their true Causes. 
By M. Cuacornac. (Communicated by the Abbé Moreno.) 


M. Chacornac considers the solid body of the sun to be surrounded with a 
luminous envelope extending to a short distance, as well as by an atmosphere which 
at lower parts, or those next to the luminous envelope and body of the sun, is very 
dense: detached clouds or other bodies floating in this atmosphere when they are 
light enough to float outside and beyond the luminous envelope, constitute spots, and 
can be shown to be capable of exhibiting all their usual phenomena; while those 
which are dense enough to descend into the luminous atmosphere constituted fecule ; 
thoee lower still were hidden from view by the brilliancy of the luminous envelope. 


On Meteorolites and Asteroids. By Mr. Grea. 


The author brought forward some circumstances in connexion with those bodies, not 
hitherto noticed, in favour of the theory that they are identical in nature and origin. 
After stating some arguments against thetheory of the atmospheric origin of aérolites, 
Mr.Greg proceeded to give an abstract of some results he had lately obtained in ana- 
lysing a very complete catalogue of aérolite falls. It would appear that since the 
year 1500 a.p. there are 179 authenticated instances of falls of aérolites, the month of 
whose fall is known; the number for each month being as follows :—For January, 10; 
February, 15; March, 17; April, 14; May, 15; June, 18 falls,—first half of the year, 
89 falls ; July,19; August, 15; September,17; October, 14; November, 15; December, 
9 falls,—second half, 89 falls; giving an average of 15°O foreach month. The most 
important thing to notice is the small number of aérolites registered for the months of 
December and January, and the comparatively large number for June and Jay s the 
former two showing but 19 instances of falls, the latter two 37, or almost double. 
Now, granting that these aérolites, or meteorolites, belong to the system of the Aste- 
roids, having orbits therefore whose mean distance is superior to the earth’s orbit, it 
is certainly reasonable to conclude that it is when the earth is furthest from the sun, 
i.e. at her aphelion, that the meeting with aérolites is rendered most probable. This is 
what would really appear to be the case, for the earth is at her greatest distance from 
that luminary on the sides of the summer solstice, i. e. in June and July, precisely 
the months shown to be most abundant in aérolites. Mr. Greg then referred to a 
recent number of the ‘Comptes Rendus,’ in which there is a paper by Le Verrier on the 
asteroids. M. Le Verrier shows by calculation that the sum of the mass of the 
fragmentary planets called asteroids cannot exceed one-fourth of the earth’s mass ; 
and also shows it probable that their mean mass or system is at its perihelion, and 
consequently nearest the earth, at the time when the earth herself is on the side of 
the summer solstice. This would appear again confirmatory of the theory that 
aérolites are the minute outriders of the asteroids. There would appear to be also 
further evidence, though of another kind. It has been supposed that some of the 
larger asteroids have irregular and angular surfaces, which is precisely the case with 
the majority of the meteoric stones which fall to the earth. Again, taking the 
average specific gravity of aérolites at 3°0 (they vary from 1°7 to 3°9), further in- 
direet evidenee is afforded as to their position with regard to distance com the sun, 
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and, taking water as 1°0, the following table shows the relative densities of several 
of the planetary bodies, following the order of their distances from the sun: Mer- 
cury, 15°7; Venus, 5°9; Earth, 5°6; Mars, 5:2; Aérolites, 3°0; Asteroids, (?); 
Jupiter, 1°4. Another circumstance relating to aérolites which was alladed to by 
Mr. Greg, was the periodicity of those bodies, and he mentioned more particularly the 
19th of May, 29th of November, 13th of December, 15th to 19th of February, and 
26th of July, as being aérolitic epochs, aérolite falls having been recorded on the fol- 
lowing days :—February 3, 10, 10, 13, 15, 15, 15, 18, 18, 18, 19, 19, 25, 27, 27; May 
9, 10, 17, 17. 17, 18, 19, 19, 20, 22, 26, 26, 27,28; July 3, 3,4, 7,8, 12, 14,17, 18, 
22, 24, 24, 26, 26, 26, 30; November 5, 7, 11, 13, 17, 20, 23, 25, 27, 29, 29, 29, 29, 
30, 30; December 11, 13, 13, 13, 13, 13, 14, 25, 28. Iu referring, however, to the 
epochs most remarkable for the periodical displays of luminous meteors, as Novem- 
ber and August 9th to 14th days, Mr. Greg observed that the number of aérolites 
recorded as falling on those days is remarkably small, indeed under the average of 
the year, for out of 165 falls (the day as well as month of fall being known), but 
four have fallen between the 9th and 14th days of August and November. The 
aérolitic and (luminous) meteoric epochs also would appear to differ, with the er- 
ception of the 29th of November. From this circumstance it seems probable that 
aérolites, and the majority of luminous meteors (especially periodic and conformable 
ones), are resolvable into separate classes ; and in corroboration of this it may be 
mentioned, that, while the number of aérolites whose falls have been recorded are 
about equally divided for the first as for the second half of the year, this is very far 
from being the case with luminous meteors, by far the larger numbers of which are 
observed during the second half of the year, viz. from July to December. While, 
then, we consider aérolites as belonging to asteroids, with orbits superior to the 
earth’s, and partaking of the nature of true though minute planets, the majority of 
luminous meteors may be considered as having characters more in common with 
comets, It has been shown by several astronomers, as Olmsted, Pierce, Erman, and 
others, that the majority of periodic meteors have orbits inferior to the earth’s, and 
their perihelia near the planet Mercury. Mr. Greg concluded, after making some 
observations in favour of the self-luminosity of meteors, by suggesting the probability 
of their having a nature less dense than that of aérolites, but denser than that of 
comets, and that it is not improbable they have a fluid or viscid nature. 


On the Variation in the Rates of Chronometers. 
By Joun Hartnup, F.R.A.S., Liverpool. 


At the meeting of the British Association in this town in 1837, a Memorial from 
that body, on the subject of a nautical observatory, was read before the Town 
Council, and referred to a special Committee. It is stated in the Memorial that 
‘among the various objects of interesting inquiry which have been brought before 
the British Association at their visit to this large and enterprising commercial town, 
is the condition of nautical astronomy in the merchant service—a science, the appli- 
cation of which is decidedly the most important to mankind. The loss of life and 
property which is annually caused by a defective knowledge of this science would 
astonish, were it publicly known.” After urging the importance of erecting a nau- 
(ical observatory, the objects of such an establishment in a port like this are said to 
be the ‘‘ accurate knowledge of Liverpool time, and the care of chronometers while 
in port, so that a captain when he sails may receive his chronometers, sure both of 
their error and rate, which at present he cannotdo. In this the Committee have po 
intention of disparaging the chronometer-makers of Liverpool, for it is stated that 
even in London the times obtained from celebrated makers have differed two minutes, 
and these two minutes might have caused a wreck.” I have quoted the above extracts 
in order to show that hopes were entertained of an improvement being effected in 
navigation by having recourse to more accurate means of rating and testing the quality 
of chronometers employed in the merchant service. In accordance with the wishes 
expressed in the memorial the corporation established a first-rate nautical observatory. 
This observatory has now been in operation, so far as regards the rating and testing 
of chronometers, for nearly ten years; and the very active part taken by the British 
Association in the recommendation of its establishments at its first visitto this town 
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leads me to hope that an equal degree of interest will be taken at this, its second visit, 
in the results of our labours. As regards the purely scientific department, the obser- 
vations have for the most part been printed, and the liberality of the corporation in 
supplying the observatory with the magnificent instruments with which these obser- 
vations were made, will, I doubt not, be highly appreciated by the distinguished 
visitors now in this town. There is, however, one department of the observatory to 
which public attention has not been directed so fully as, I think, its importance de- 
serves—I allude to the rating and testing of chronometers; this being, moreover, 
the main object for which the observatory was established. In the Memorial from 
which I have quoted, it is stated that a captain could not at that time obtain the cor- 
rect error and rate of his chronometer, in consequence of the time not being accurately 
known. Since the establishment of the observatory, this deficiency has been removed; 
the arrangements for obtaining and carrying on the time are so complete that no 
sensible error can possibly arisein that way. Having accomplished this object, our 
attention has been directed to further improvements ; and the exquisite arrangements 
which we possess for testing time-keepers, have led us to the discovery of a source 
of error, to which chronometers employed in the merchant service are subject, the 
importance of attending to which I will endeavour to explain. To enable the mariner 
to find his longitude at sea by the chronometer, he is furnished with its daily gain or 
loss, which is called its rate. The practice almost universally adopted has been to 
take for granted that this rate is uniform during the voyage. Chronometers are sup- 
posed to be compensated for the changes of temperature to which they must neces- 
sarily be exposed at sea in different latitudes, and captains are instructed to use the 
same rate in all climates. Now, we are prepared to show that, for chronometers em- 
ployed in the merchant service, the average change of rate caused by changing the tem- 
perature from 40° to 60° Fahr. is seven secon/s a day. Hence, if we ascertain the 
rate of a chronometer on sbore with the most scrupulous degree of accuracy, in a 
temperature of 40°, and this chronometer be afterwards taken to sea and exposed to 
a temperature of 60° for the short period of eighteen days, the accumulated error on 
Greenwich time, according to the above-named average, will be upwards of two 
minutes, and an error of two minutes it is stated in the Memorial before referred to 
might cause a wreck. This variation of rate, from change of temperature, differs so 
much in different time-keepers, that without a trial no idea can be formed of its 
amount in any particularchronometer. In order to show this more clearly, we have 
compiled, from the records of the observatory, three tables; each table shows the 
change of rate for each of one hundred chronometers, caused by changing the tem- 
perature to the extent named in the respective headings. Notwithstanding the great 
change of rate (shown by the tables to have been produced by change of temperature), 
we find that in nineteen cases out of twenty the original rates return the instant that 
the original temperature is restored. On an average of about one chronometer in 
twenty, it is found that the rate changes in the most capricious manner with almost 
every chadge of temperature ; and an examination of our records will show that the 
sea-rates of such chronometers are equally uncertain,—no dependence whatever can 
be placed on them. Such imperfect time-keepers have necessarily been rejected in 
forming the tables, but in other respects the chronometers were taken in succession 
as they were presented at the observatory. They are arranged in the order of change 
of rate, beginning with the chronometer which gained the most, and ending with that 
which lost the most. In Table I., the average change in the daily rate caused by 
changing the temperature from 40° to 60° is 6"-97 ; taking the two extremes, one 
chronometer in the hundred gained 153, and one lost 72'"2 a day, by changing the 
temperature only 20°; the average change of rate of the first ten in the hundred is 
7""1 gaining ; the average of the second ten is 0-3 losing; and the average of the 
last ten in the hundred is 29’"8 losing. There are fifteen chronometers in which the 
loss is more than 4” and less than 5" a day, and there are six in which the loss is 
more than 8” and less than 9" a day ; so that it is quite possible for « captain to have 
two or three chronometers, all of which might place the ship in nearly the same longi- 
tude,and this longitude might, notwithstanding, by the accumulated errors of the chro- 
hometers in two or three weeks, be wrong to an amount sufficient to place the ship in 
danger. Tables II. and III. show the change of rate caused by changing the tem- - 
perature from 60° to 80° and from 50° to 80° respectively ; the variations, it will be 
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seen, were much greater in the low than in the high temperatures. It appears, as 
before stated, that about 5 per cent. of the chronometers which have ed through 
the observatory are altogether unfit to be used for nautical purposes. With the means 
which we possess for testing, there is no difficulty in detecting such chronometers in 
atrial of two or three weeks. With regard to the remaining 95 per cent., it appears 
that very great dependence may be placed on them if we take into consideration the 
change of rate due to change of temperature. Unfortunately, we bave no record of 
the temperature to which the chronometers that have passed through the observatory 
have been exposed during the voyage ; but we find that the average of the sea-rates 
of chronometers employed in the North American trade agrees with the rates of the 
same chronometers on shore in a temperature of about 60°, and that the average of the 
sea rates of chronometers which have been exposed to a tropical climate daring great 
part of the voyage, agrees with the rates of the same chronometers on shore in a 
temperature of about 80°. The regularity with which we find this to take place is 
such as to leave no doubt as to the advantage which an intelligent navigator would 
derive by correcting the rate of an imperfectly compensated chronometer for change 
of temperature when the voyage is long and the climate changeable. Captains, 
however, have never been instructed to do this; such a method of proceeding forms 
no part of their education; and even in the examination which all are now compelled 
to undergo before they take the command of a ship, their attention is not even drawn 
to the possibility of the rates of chronometers being affected by change of temperature. 
The rates, as before stated, are assumed to be uniform in all climates. The different 
owners of the 300 chronometers, the variable rates of which are shown in the tables, 
were made acquainted with this imperfection for the first time when they sent ther 
chronometers to the Liverpool Observatory. Iam not aware of the existenee of any 
other establishment in the world in which captains of merchant ships can obtain any 
information relative to the variation of the rates of their chronometers in different 
temperatures. Attention appears to have been exclusively directed to accurate 
astronomical means of determining the rate. Now, our records show that the average 
variation of rate caused by changing the temperature so small a quantity as one 
degree of Fahrenheit, is very much greater than the probable error in the rate 
arising from any imperfection in our astronomical means of determining it. If we 
assume the rate to be affected by no other cause, the variation arising from change 
of temperature is so great, that unless we take it into account, the agreement between 
the land and sea-rate must be the result of mere accidental coincidence, and practicall 
this is found to be the case. Professional raters make themselves acquainted wi 
the sea-rates of the various ehronometers which pass through their bands, and then 
‘adapt the shore-rates to them. The cause of this variation between the shore and 
sea-rate is generally supposed not to be known. The duty of finding out the amount 
of variation by collecting and discussing the sea- and shore-rates is confided to the 
professional rater, and captains are kept in ignorance of its existence ; so that a change 
of temperature may at any time be the cause of the chronometer deceiving both the 
rater and the captain. That serious disasters do occasionally occur from this cause 
there cannot be a doubt; and it is quite certain that they might be avoided, either by 
captains being made acquainted with the variation of rate pecaliar to each of their 
chronometers, or by makers removing the fault by effecting a more perfect compen- 
sation. With respect to the former method, our records show that in an observatory 
provided with the necessary apparatus, it is quite practicable to ascertain the variation 
of rate due to change of temperature, and to supply captains with the means of 
making the correction. With regard to the latter, the attention of chronometer-makers 
has been directed to the subject for many years; numerous methods have been 
patented professing to effect a more perfect compensation, and we find, by the pub- 
lished rates of the chronometers, which are now sent to Greenwich annually for trial, 
that three-fourths of them are said to have some improvement intended to remove 
this serious defect. Now, what is the effect of all this upon chronometers employed 
‘in the merchant service? We need only to appeal to the results shown by the 
tables which I now present for an answer: they show how excessively those chrono- 
meters lose at the two extremes of temperature, and instead of three-fourths, as at 
Greenwich, having some improvement, we find the ordinary imperfect method of 
effecting the compensation almost universally had recourse to. The practice adopted 
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by makers of applying their improvements to chronometers inten the nayy,, hid 
and not applying them to those intended for the merchant service, 
arisen from the knowledge, that in the former they would be tested at t 
Observatory previous to their being purchased ; while in the latter, captains and these- - 
about to purchase chronometers have, till lately, had no megns of testing them, or 
making themeelves acquainted with the advantage of any improvement in the com- 
pensation ; and now that this great boon is offered them in Liverpool, through the 
liberality of the corporation, the advantage to be derived from it is so little under- 
stood that but comparatively few avail themselves of it. If some method could be 
devised of disseminating knowledge on this subject amongst captains, shipowners, 
and underwriters—all of whom are deeply interested in a quick and secure passage 
—surely some means would be taken for testing all chronometers in those tempe- 
ratures to which ships are liable to be exposed at sea previous to their being placed 
in the hands of captains. By so doing, navigation would be greatly facilitated and 
rendered much more secure; and the best method of accomplishing this object is, 

I think, a subject welleworthy of the consideration of the British Asgociation; for it 
will be found that we are in possession of most undoubted evidence that the rates of 
chronometers now employed in the merchant service are so much affected by change 
of temperature as to render them very unsafe, and even dangerous instruments, in 
the hands of captains who are unacquainted with the facts which I have so im- 
perfectly developed in this brief notice. We therefore entertain the hope that more 
efficient and systematic efforts will speedily be made to diffuse the requisite informa- 
tion amongst all those who are personally or otherwise interested in these important 
matters, which I have now presumed to bring under the notice of the British As- 
sociation. 


Tabs J. 


Showing the change in the daily rate of each of 100 Chronometers, caused by 
changing the temperature from 60 to 40 degrees. 


Increase of Increase of 
ining-rate ining-rate 

y changing || Refer- | by changing || Refer- 

the tempera- |jence No.| the tempersa- |ience No.| the 

ture from 60 ture from 60 

to 40 degrees, to 40 degrees. 


8 8 8 8 
4153 || 26 | —1-9 —37 76 | — 62 
13°1 27 2-0 3-8 77 63 
61 28 2°2 4-0 78 6:5 
7°9 29 2°3 41 79 68 
78 || 30° 2:3 4°2 80 70: 
54 31 2°83 4°3 81 1°3 
44 32 2-4 4:3 82 8+] 
38 || 33 2-4 4:3 83 8-2 
3:2 || 34 2-9 45 84 8°5 
19 || 35 2-9 4°5 85 8°6 
10 || 36 2:9 45 86 8-7 
06 || 37 30 4°6 87 8-8 
0-3 || 38 3-0 4°6 88 9-0 
+01 || 39 3-1 48 89 9-0 
~ 08 || 40 3-1 48 90 9°1 
10 || 42 31 49 9°6 
11 42 3-2 49 0-8 
12 || 43 3°2 5°0 
1-4 44 33 51 
5 | 45 33 5-3 
16 || 46 3:3 5°3 
V7 || 47 34 5°8 
19 || 48 3°5 6-0 
19 || 49 3°7 6°1 
— 1'9 50 | —37 


Average change of daily rate 6°97 seconds. 
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Tasre II.—Showing the change in the daily rate of each of 100 Chronometers, 
caused by changing the temperature from 69 to 80 degrees. 


Increase of Increase of | Increase of Increase of 
ining- inicg-rate ing-ra: ning-rate 
Refer- BF changing Refer- | by changing | Refer- EY changing Refer- Ey changing ' 
ence No.! the tempera- | ence No.| the tempera- | ence No.| the tempera. jjcence No.| the tempera- , 
| ture from 60 | ture from 60 ture from 60 ture from 60 
ite 8) degrees.’ to 80 degrees. to 80 degrecs. to 80 degrees. 
| 8 I 8 8 8 
1 +13°1 | 26 —1°2 51 —1:9 76 — 30 | 
2 he | 27 12 52 2°1 a7 30 | 
S) iB) wR) BR] ge 
4 5°5 9 ° . . ° 
5 48 || 30 13 55 | 80 3:3 3 
6 4°] 31 13 | 56 22 81 3°3° 3 
7 38 32 193 57 2-2 82 3°3 ¢ 
8 3°8 33 14 | 58 2:3 83 3 2 
9 3°93 34 1°5 59 2°3 84 3° : 
10 34 || 35 15 60 2-3 85 36 ilo 
1] 3-1 36 1°6 | 61 2:3 86 3°7 Fo 
12 31 37 16 62 2°3 87 3°7 Ds 
13 26 || 38 16 || 63 24 || 88 37 | bg 
14 2°4 39 16 64 2°5 89 3°8 te 
15 2:0 40 16 65 2°6 90 38 ° 
16 19 | 41 1:7 66 2:6 gt 3-9 & 
17 15 42 1:7 67 2°6 92 4°0 4 
18 133 43 18 €8 2°6 93 41 
19 13 44 18 69 27 94 41 | 
20 + 1-1 45 18 | 70 2°7 95 4°2 
21 _ 0-6 46 1:9 71 2°8 96 476 z 
22 07. 43 1°9 72 28 97 4°7 
23 08 48 19 43 29 98 5°3 
24 1:0 49 19 74 2°9 99 5°S 
25 - )°1 50 —1°9 ° 100 —120 


wy 
an 
[ 
[#-] 
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Tasue IlI.—Showing the change in the daily rate of each of 100 Chronometers, 
caused by changing the temperature from 50 to 80 degrees. 


Increase of | Increase of Increase of Increase of 


gaining-rate | faiving-rate ining-rate foining-rate 
Refer- | by changing || Refer- | by changing || Refer- | by changing || Refer- | by changing 
ence No.| the tempera- |jence No.| the tempera- | ence No.| the tempera- |ience No.| the tempera- 


ture from 50 ture from 50 ture from 50 ture from 586 
to 80 degrees. to 80 degrees. to 80 degrees. to 80 degrees. 
8 a 8 @ 

1 | 4142 +24 || 51 | 403 76 | —2-0 

2 9°7 23 || 52 0-2 77 2:0 

3 7-9 2°2 53 +01 78 2-1 

4 5:8 2° 54 0-0 79 21 . 

5 5°3 2-0 55 —01 80 21 | 

6 51 20 | 56 02 || 81 21 8 

7 4°3 2°0 57 0-3 82 2-3 @ 

8 4:0 1-9 58 0-4 83 2°6 a 

9 3:8 1-9 59 0-4 84 2-7 a 

10 3°5 18 |} 60 05 85 27 ° 

ll 3°5 16 || 61 0-6 86 28 F 
| 12 3 4 6 {| 62 o6 || 87 28 || > 
; 13 3°3 15 =) 63 0-7 88 2:8 ‘4 
{ 14 3°3 1-5 64 0-8 89 2°9 < 
; 15 3°3 15 65 0-8 90 3-0 © 
, 16 3:2 15 66 10 91 3-1 fo 

17 3-0 12 || 67 13 || 92 33 || 48 

18 3-0 10 «|; 63 1-4 93 3-5 G 

19 2°9 08 | 69 1-5 94 3-6 

20 2°7 0°8 70 16 95 3°6 f 

21 2°6 0°7 71 1:7 96 3°8 > 

22 2:5 05 72 1-9 97 4:3 < 

23 2°4 0-5 73 2-0 98 4-7 

24 2°4 05 | 74 2-0 99 5°5 
1 25 | + 2-4 +04 | 75 —-20 |' 100 —85 
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Notes on the British Association Cataloque of Stars. 
By W.S. Jacos, Director of the Madras Observatory. 


The catalogue of 8377 stars pablished by the Association in 1845, though com- 
piled from the best data available at the time, is, as regards the places of many 
southern stars, erroneous, owing to the imperfect nature of the data, especially those 
depending on Lacaille and Brisbane. 

A thorough revision of the catalogue was therefore commenced at Madras in 1849, 
and completed in 1853, by observing, in most cases, at least three times with both 
transit and mural circle, every number to which any doubt attached between the 
N. P. D. 40° and 155°, and in a few cases a little beyond these limits. 

The subsidiary catalogue thus formed has been priuted in the last volume of 
Hi Madras Observations,’ which should ere now have been on its way to the India 

ouse. 

The general results of the revision may be briefly stated as follows :—In all, 1503 
numbers were examined; of these the undermentioned 55 were missing, viz. :— 


186 3707 dup. of 3706? 5741 
278 4399 5770 dup. of 5772? 
434 4569 5816 dup. of 5815? 
534 4983 5849 
601 dap. of 596? 5025 5923 
642 5162 5928 
931 524] dup. of 6247? 6542 
935 5349 dup. of 5350? 6725 
969 6415 6770 
2018 5482 6775 
2686 5491 6898 
3233 5524 6917 
3328 dup. of 3323? 5662 7203 dup. of 7210? 
3401 5665 7214 dup. of 7225? 
3454 5672 7467 dup. of 7466? 
3461 5685 7576 dup. of 7575 ? 
3482 5707 8042 
3535 5725 
3586 5738 
Twelve numbers marked as Nebule were examined, viz. :— 
2511 3692 5300 
2766 3944 5470 
3247 4485 6201 
3547 5040 7457 


and were found to be clusters of small stars, 5 of which contained a star sufficiently 
conspicuous to be identified, and were therefore included in the catalogue ; but the 
remaining 7 were of necessity omitted. 

The places of 1440 nambers were recorded; 71 of which were found to differ 
from the B. A. Catalogue by more than 2° of R. A., or 10” of P. D., and 29 more in 
which the difference was between 1° and 2°. Of these 17 are accounted for as 
mistakes of gross quantities, such as 1" &c. of R.A., or 10’ &c. of P. D. 

With the above exceptions, the agreement of the observed places with the Cata- 
logue is in general very close, and in the cases of those stars which depend upon 
Groombridge, remarkably so. 

The proper motions assigned in the Catalogue have been in some cases confirmed ; 
but as regards most of the southern stars, they have been either negatived or ren- 
dered doubtful, and the question must therefore stand over to be decided by future 
observations. 


On Micrometrical and Photographic Drawings of the Lunar Surface. 
By Joun Puicuips, M.A. F.RS. F.G.S. 
The author presented drawings of parts of the moon by Prof. Challis, Prof. P, 
Smyth, and himself, photographic representations from his own telescope, and the 
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achromatic of the Liverpool Observatory—and other light pictures eommunicated 
for the occasion by Dr. Lee and Mr, Nasmyth. He called attention in particular 
to three large drawings of the Mare Crisium, after sunrise on that part of the lunar 
surface, at mid-day on the same, and before sunset, executed by Prof. Smyth; and 
to diagrams of Plato and the regions around it by Prof. Challis. In commenting 
on the results of the labours of the Committee during the past year, Prof. Phillips 
drew attention to the methods employed by Prof. Smyth and Prof. Challis, which 
combined instrumental measures, eye sketches, and finished designs, and presented 
the varied aspects of the lunar surfacc, depending on the angle of illumination which 
had been expressly indicated by the Committee. He remarked on the continually 
growing exactness with which the telescope was applied to the delineation of the 
lunar scenery, which, to inferior instruments appearing smooth and even, revealed 
itself to more powerful scrutiny as altogether uneven, mostly rugged land, deeply 
cut by chasms, and scaring into angular pinnacles. The so-called seas, under this 
scrutiny, appear destitute of water, and their surface, under low angles of incident 
light, becomes roughened with little points and minute craters, or uadulated by long 
winding ridges of very small elevation, comparable to the gravel ridges of Ireland 
and Scandinavia. On the question thus and in other ways raised for discussion, 
whether the moon, now devoid of water on the fuce she presents to us, cantains 
traces of ancient watery movement, Prof. Phillips called attention to the numerous 
straight rifts and winding “ Rillen,” as the Germans call them, which, to clear 
telescopes only, reveal themselves in many tracta of the lunar land. One of them, 
Mare Nubiun, is really a fault line, 45 miles long, the vertical movement greater 
at one end than the other—others crogs several craters diametrically—some are 
rugged ravines—many only a few hundred feet across. And turning to Gassendi, 
the mountain which, in connexion with Mare Humorum, had been allotted to him- 
self for his survey, he described its long encircling wall, broken through towards 
Mare Humorum, daplicate in one part, crossed by three deep narrow clefts in 
another,’and partly interrupted by a great oval crateriform appendage, which is 
broken down or deficient on the side against the great crater of Gassendi. Here, 
concentrating to, or diverging from, the smaller crateriform appendage, are seen, 
but only with good instruments, many branching ridges and hollows, whose stems 
are towards the small crater, and whose extremities reach towards the mountains 
in the middle of Gassendi. If these are branching tracts of volcanic matter poured 
out from the smaller crater, their slope will be from it; if they be due to alluvial 
action, their slope will be towards it; and this is a test which perhaps can be 
accurately applied in this situation, by carefully delineating the shadows which fall 
in morning and evening from the lofty walls of the crater. 

In speaking of the progress made by himself since the meeting in 1854, and by 
the Committee and the Liverpool Photographic Society in obtaining light-pictures 
of the moon, he remarked as of good augury, in his own case, the acceleration of the 
process, so that 80” were now more than sufficient for a 23-inch picture, while 300’ 
were employed in 1853 on a picture only 14 inch across. The Liverpogl phote- 
graphers had now obtained many good pictures, and had been succeseful in enlarge- 
ments by daylight. 

Attention was further called to the augmented blackness in the photography of 
certain shadows of the moon, and the fidelity with which the relative brightness of 
the mountains and radiating light spaces were rendered in them—circumstances of 
importance, as likely to lead hereafter to some good idea of the reflecting power and 
other peculiarities of the lunar surface. 


Researches in Meteoric Astronomy. 
By Danie VAvuGHAN, Cincinnati, Ohio. 

Astronomical observations have lately furnished grounds for the opinion that the 
planets do not revolve in an absolute vacuum, and that they cannot, therefore, exist 
for ever in their present condition. Every return of Encke’s comet brings intelli- 
gence of a rare medium disseminated through space ; but I think that more reliable 
indications of this subtle fluid may be derived from its effects on the orbits of small 
meteors which are now recognized as members of the solar system. In traversing 
any fluid with the same rapidity, spheres of different magnitudes gustain a diminu- 
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tion of velocity inversely proportional to their densities and their diameters ; and the 
orbits which they might describe around the sun, in such circumstances, should 
change in a corresponding degree. If an eight-inch iron ball moved in the path the 
earth now describes, there should be a greater reduction in the magnitude of its 
orbit after two years, than the earth’s orbit could experience in one million centuries. 
Very smal! meteors or shooting stars are, therefore, extremely sensitive to effects of 
a resisting medium; and they seem well calculated to serve as a test of the per- 
fection of the vacuum in the celestial spaces. 

This delicate test would be unavailable were it not for the translatory motion of 
our system, and the great eccentricity of the orbits which meteors describe. When- 
ever the size or density of these bodies is so small that they are much more sensitive 
to the resistance of the medium than they are to planetary attraction, the planes of 
their orbits must be gradually brought into a coincidence with the track which the 
sun describes through space. The transverse axes of their orbits will also tend to 
assume a determinate position. If their velocity be impeded by the medium while 
they approach the sun, the lines of apsides will advance in the direction of their 
orbital motions ; but this apsidal change will be reversed by any similar impediment 
which they may receive while retiring from the central luminary. These opposite 
effects neutralize one another when the transverse axes of the meteoric orbits are per- 
pendicular to the line of the sun’s translatory motion. By this arrangement also 
the influence of the medium in diminishing gravity on one side of tranaverse axes 
should become just adequate to counterbalance the effects arising from its augmen- 
tation of gravity on the opposite side. The orbits of the smallest meteors must, 
therefore, have their transverse axes, in most cases, located near a plane perpendi- 
cular to the sun’s track. In their perihelia these bodies must necegsarily move, 
either in the same direction as the sun, or take an opposite course, In the former 
case, their orbits should continually diminish in eccentricity, and finally become 
indifferent to the control of the medium on their position : in the latter case, their 
orbits will become more eccentric, and have their transverse axes confined toa 
more limited range. 

The influence of planetary attraction on orbits of this character is much circum- 
scribed, and it can only change the position of their planes by turning them about 
the line of the solar motion. If the planets all moved in the ecliptic, their action 
should ultimately bring into this plane the transverse axes of most of the 
ellipses which meteors describe ; and this change would be permanent, not periodi- 
cal. Immense swarms of these small bodies should, therefore, be congregated into 
avast zone extending in the direction of the sun’s motion, and intersecting the 
ecliptic about 90° from the point in space to which he is advancing. In this manner 
we may account for the origin of the meteoric zone, through which the earth passes 
on the 10th of August. It js evident that the action of the planets in causing this 
arrangement is far more effective when the motion of the meteors is direct than 
when it is retrograde; and, for this and another reason previously noticed, no 
remarkable appearance of shooting stara could be expected in the opposite part of 
the ecliptic. ; 

The creat falls of shooting stars which sometimes occur on the 12th and 13th of 
November, seem to indicate the existence of another meteoric zone perpendicular 
to the one just noticed, and to the ecliptic; and its origin may be ascribed to the 
small influence of the planets in deflecting meteors occupying this region from the 
planes in which they move. The zone which the earth crosses on the 8th and 10th 
of August, seems to contain far the larger collection of these small and light bodies ; 
but-as the earth passes through the central regions in which they are Jeast abun- 
dantly congregated, the appearance of shooting stars on these nights can give no 
adequate idea of the immense swarms of meteors encircling the sun. There is also 
much reason to believe that the innumerable host of meteors in this zone reflect a 
considerable portion of the solar rays, and thus cause the phenomenon of the Zodiacal 
Light ; but I can regard these bodies as eternally self-luminous while wandering in 
space. I have shown in another place that the light which they emit on visiting 
the earth, arises from the great pressure they impart to the luciferous atmosphere 
of our planets; and that the compression of a similar atmosphere by the sun’s 
powerful attraction causes his perpetual brilliancy. 
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TIDES. 


On Mr. Superintendent Bache's Tide Observations. 
By the Rev. WittiaM WHEWELL, D.D., F.R.S. 


In the earlier part of my rescarches of the tides, of which an account has been 
given to the British Association on various occasions, I had to speak principally of 
the accessions made to our knowledge of that subject; but in recent years I have 
more than once made remarks before this Section on our ignorance of the same subject, 
—meaning by that, that there is much knowledge which we naturally wish for, and 
which is within our reach; but which we have not obtained and are not obtaining. 
The views which I have there given are further illustrated by the results of the tide 
observations made by the American Coast Survey under Superintendent Bache. One 
of the prominent points of our ignorance is, the nature of the movement of the water 
which produces the oceanic tides. When the progress of the tides on different coasts 
was represented by cotidal lines, it was found these lines made a very acute angle with 
the coasts which they met, and that the cotidal lines crossing the ocean were very 
convex. The great series of tide observations made on the coast of Europe and 
America in 1835 and 1836, made this feature, the acuteness of the angle made by the 
lines with the coast, stronger still. The results of Mr. Bache's observations make 
the cotidal lines on the coast of North America still more nearly parallel to the 
coasts. From this arises a great difficulty in drawing any cotidal lines across 
oceans, and indeed a doubt whether cotidal] lines are proper modes of representing 
oceanic tides; though, doubtless, they are the best way of combining and representing 
our observations of littoral tides. The result is, that we are led toconsider whether 
the oceanic tides may not be produced by a great oscillation of the ocean, the littoral 
tides being derived from them, and propagated by cotidal lines like waves along 
canals. [This view was proposed by Capt. FitzRoy as well as by Dr. Whewell 
several years ago.}] In what manner the ocean really moves, to produce the tides, is 
not likely ever to be made out by tide observations made by separate parties aliud 
agexdo; but might probably be determined by means of an expedition (a single ship) 
sent out to huné the tides ;—to follow them from place to place, according to the order 
and manner suggested by the observations themselves, till their connexion is made 
out. Mr. Bache’s survey has also produced other very curious and important results. 
It has shown the existence of the diurnal tide on the coast of California, in the Gulf 
of Mexico, and in other places ; and it will lead to tide tables of the American ports, 
which will soon be published. Mr. Bache, after encountering some difficulties, has 
now obtained sufficient means of pursuing his survey, and is doing so with great 
energy and success, 


METEOROLOGY. 


On the Distribution of Rain in the Temperate Zones. 
By Professor Dove, Berlin. 


The author, after giving a brief account of the manner in which rains are found 
normally to prevail in the Torrid Zone, and the causes which produced them, chiefly 
the ascending currents at the heated equatorial region, then proceeded to point out 
the numerous causes, general and local, which gave rise to a different and greatly 
diversified distribution Of rain in the Temperate Zones, but showed that there were 
some localities in the middie of continents, as in Russia and America, where a very | 
similar occurrence of causes, such as prevailed in the Torrid Zone, produced very 
similar results.—Col. Sykes mentioned several places in the Ghauts in India, where 
circumstances, similar to those noticed by Prof. Dove, could be observed. In that 
single locality, arising chiefly from differences of level, and of the manner in which 
the ascending currents of warm and damp air were guided by the character of the 
inequalities of the surfaces, every variation of fall of rain from 30 to 300 inches 
deep in the year could be found.—Capt. FitzRoy pointed out similar corroborations 
of Prof. Dove’s views from his own observations in South America; and Prof. 
Phillips adduced several exemplifications from several Jocalities in England. 


TRANSACTIONS OF THE SECTIONS. 29 


Continuation of Remarks on the Climate of Southampton. 
By Joun Drew, PA.D., F.R.A.S. 

This communication was in continuation of a paper printed in full in the ‘ Report 
of the British Association for 1851 ;’ and it likewise embraced general observations 
on subjects connected with practical meteorology. The tables, which have been 
published, contain the results of observations taken three times daily through the 
years 1848, 1849, 1850. These now presented continue the series by observations 
made once a day, viz. at 9 a.m., for 1851, 1852, 1853. The same care has been 
taken in observing, reducing, and recording, and the same instruments have been 
used throughout, except that for the last six months of 1853, the observations of 
Capt. Cameron, R.E., recorded at the Ordnance Map Office, Southampton, have 
been substituted, his own barometer having been out of order. The author having 
found that the mean temperature derived from the 9 a.m., 3 p.m., and 9 p.m. ob- 
servations indiscriminately, agreed fairly, after the application of corrections for 
daily range with that deduced from ’ 


men ofoe toe monthly correction used in the Greenwich observations— 


has discontinued the two later daily observations for the last three years, as mean results 
were all that he aimed at; and after having tested his results by various comparisons, 
he feels fully persuaded that the mean state of the atmosphere, as regards pressure, 
temperature, and moisture, has now been determined for Southampton with such an 
approximate accuracy that for that end alone no further observations are required. The 
author then proceeds to comment on each of the five tables. Table I. contains the mean 
pressures for each month of the three years,—tke maximum with the date of its 
occurrence, the minimum with the date of its occurrence, and the monthly range 
in separate columns. Table II. gives the mean temperature for each month from the 
9 a.m. observations,—the mean of the maxima, the mean of the minima, the adopted 
mean (or calculated from both), the highest reading for the month and its date, the 
lowest for the month and its date, and the monthly range. The author calls 
attention to the very near accordance of the two methods of deducing the mean 
monthly temperature, and adds, that among other tests to which he subjected his 
observations, is a formula of Mr. Glaisher’s, by which that element is supposed to 
be determined for any place in England, the mean temperature at Greenwich being 
known. This, for the five years from 1849 to 1853, is 49°4. The formula is 
49° 4 + (51°-5—latitude of place) x 0°-9—-0°00345 x height cf place in feet above the 
level of the sea=mean temperature of the place. This, by substitution of the 
numbers peculiar to Southampton, becomes 49°°4-+ (51°5—50°'9) x 0°°-9—0°00345 
x 60==48°°8, a number nearly identical with the mean temperature of Southampton, 
deduced from the best observations. Table III. contains indications of the dry bulb, 
and of the wet bulb thermometers for each month of the three years, the difference, 
the deduced dew point, the degree of humidity, and the amount of cloud. The 
author remarks that the degree of humidity at Southampton appears to be con- 
sistently greater than that of Greenwich throughout the entire series of three years, 
as appears from the following comparison :— 
1852. 1852. 1853. 
Greenwich .... O°787 ..... O'791 1... O'814 
Southampton ... 0°823 ...... 0°834 ...... O°849 


oe eee =~ Gee ees 


Difference... oe }-0'°036 @eseeon 0°043 eeesee 0°035 


He also observes on the anomalies which exist in the degrees of humidity of Stone 
and York (both inland places), as given in the Registrar-Gencral’s Quarterly 
Report, which seems incomprehensible. Here is the comparison.— 


Mean for 

1851. 1852. 1853. Three Years. 
Greenwich ...000 O°787 ceosee O'7QL cevece B14 crceve 0°797 
Southampton ose O°B ZS gaeece 0°834 ore... O'849  .nne. » 0'835 
Stone ......ceccee O°B39 seven O'B2ZL  arrcce O'8G68 —eeouse 0°843 


YOrk ceccccsseeee O°805 ceseee O'844 0cr00. O°888 2...56 0°846 
Table IV. records the number of days of each month during which the wind blew 
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from each of the eight principal points of the compass, and the mean force for each 
month. The autbor remarks that observers at several stations must either use very 
wrong estimates of the force of the wind, or their scale of comparison must differ 
altogether from that furnished by Dr. Lind’s wind-gauge. The discrepancy is so 
great between several of those he found recorded in the Registrar-General’s Report 
and his own, that he was nearly induced to reject his own tx foto as worthless, till 
he became re-assured by finding great accordance between his own and those of 
Greenwich. He then shows that, according to the directions given by the Committee 
of Physics of the Royal Society, if we form an estimate for five places which he 
selects from the Report for the first quarter of 1852, violent storms must have blown 
the entire time at all these places. At Southampton, the average pressure of the 
wind is something leas than 21b. on the square foot. Table V. is a continuation of 
Table VI., published in the Report for 1851. It contains a comparative view of the 
climates of Falmouth, the most southern town in England; Stone, near Aylesbury, 
an inland place about the middle of the southern portion of England; York, inland, 
and far to the north; and Southampton, near the coast, but more sheltered than 
Falmouth. Such comparisons as these the author considers most valuable. This 
valuable communication is also accompanied by an exemplar sheet for the month of 
March 18584, to show the manner in which the observations are made, reduced, and 
recorded. All the observed facts are recorded in black ink; all the reductions and 
deductions from the facts in blue. 


Photogenic Drawings of Snow Crystals, as seen in January 1854. 
By James GiaisHer, F.R.S. 

This collection includes between 20 and 30 varieties, and was the result of 
&@ morning’s observation on January Ist, 1854, with a temperature of 22°. The 
figures, though minute, and observed under a lens of very moderate power, exhibited 
a high degree of crystalline formation, and great harmony of arrangement. Tem- 
perature of air at 9 a.m. 23°, Difference‘of wet- and dry-bulb, 0°°5. Max. temp. 
during day, 31°5. Min. temp. during day, 21°29. Wind north. Photographic 
copies of the drawings made by Mr. Glaisher were presented to the meeting®. 


Examination of the Storms which have visited England and Ireland during 
the years 1852, 1853, and 1854, with reference to the Theory of Rotatory 
Storms. By Joun B. Nevins, M.D., Liverpool. 


Doubts having been started whether or not the rotatory character of storms fol- 
lowed them into high latitudes, the author was led to examine the leading records 
of storms in England and Ireland for these three years, to ascertain whether or not 
they partook of the characters of cyclones, viz. having a progressive motion from 
the west and south towards the east and north, at the same time that they had s 
revolving motion or whirl in the opposite direction to that of the hands of a watch 
in these latitudes. The observations examined by the author were those recorded 
in Armagh by Dr. Robinson, at the Liverpool Observatory by Mr. Hartnup, and at 
the Royal Exchange, London. Those made in Armagh register the velocity of the 
wind in miles for every hour, and the course to the nearest point of the compass. 
Those in Liverpool also register the velocity in miles for each hour, and the course 
to the nearest two points of the compass ; whilst those made in London register the 
force of the wind in pounds upon a square foot, and the course of the wind to the 
nearest two points. Progressive motion of these storms was clearly marked (as 
shown in detail in a table) by the arrival of the leading phases of the same storms 
in succession, first at the most westwardly, and then more and more eastwardly : 
the intervals from Armagh to Liverpool varying from one to twelve hours. The 
commencement and the height of the storm invariably arrived first at Armagh, then 
at Liverpool, then at London, after distinct intervals. It in some instances, how- 
ever, terminated in London before it had so terminated in Liverpool. The curved 


* Mr. Glaisher has since continued his observations, in the winter of 1854-55, and hes 
ublished many drawings of extremely varied forms in the ‘Illustrated London News.’ 
wings of Arctic snow crystals may be consulted in Scoresby's ‘ Voyages.’ 


TRANSACTIONS OF THE SECTIONS. $1 
characters of the storms examined were also shown to be clearly marked in a second 
table. A third showed distinctly that the directions in which the wind was blowing 
at the same instant at each of these distant localities were different ; and the differ- 
ence the author showed in this third table was not unlike what should result from 
the revolving character of the general disturbance of the air. So far the theory of 
cyclones seemed to be borne out by facts. But the author showed that, on obser- 
ving the changes of the wind at any one of the stations during the progress of a 
storm, the recorded facts are at variance with any uniform progressive motion which 
can be conceived. He also showed, that from the commencement of the storm to its 
height oecupied a much shorter time than from its height to its cessation ; the latter 
interval being uently more than twice the length of the former; and this he 
considered to be inconsistent with the supposition of their being cyclones. On 
the whole, the author concluded that in these high latitudes storms or masses of air 
do progress in a uniform order from west to east, and that the changes in the course 
of the wind daring a storm indicate more or less ef a curved direction; but that 
these changes are inconsistent with any uniform rotatory character; and that, 
judging from the observations of these three years, the law of cyclones does not 
obtain in the storms which visit the British Islands. ’ 


Tasue I. 
1852. Commencement. Height. Termination. 
Jan. 3, 4. 
Armagh .........| 2 A.M. Jan. 3 .....sccceee| 11, 12 a.m. Jan. 3...... 10 a.m. Jan. 4, 


10 a.M. Jan. 3 .....0.0.] 9, 10 p.m. Jan. 3, and} 9 p.m. Jan. 4. 


again 5-9 a.m. Jan. 4. 


Liverpool] ...... 


London .......06| 3-9 A.M. Jan. 3.....00., LOAM. to2 p.m. Jan. 3,| 5 a.m. Jan. 4, 
and again 10 p.m. to 
Jan. 8, 9, 10. 2 a.m. Jan. 4. 
Armagh .........] 3 AM. Jan. 8 secose.ee.e.| 1, 2 PM. Jan. 8 ...... ...| 5, 6, 7, 8 pw. Jan. 9. 
Liverpool .....| 4 A.M. Jan. 8 ......see000] S=7 AM. Jan. 9...0.0... 8 a.M. Jan. 10. 
London ..,...... 8-11 am. Jan. 8 ......| 12 P.M. Jan. 8, and| — a.m. Jan, 10. 
Feb. 15, 16, 17,18 2 A.M. Jan. 9. 


Palling 10 p.m. Feb. 17, 
and then nearly uni- 


Armagh Stoeteces Wind high all the 18th, 7-9 P.M. Feb. 16 aveese 


but nearly uniform; 


began to increas form till 2 p.m. Feb. 
steadily at 11 P.M. 18—over. 
Feb. 15. 


10 a.m. Feb. 16...000...| 7-10 p.m. Feb. 16, and| 4 a.m. Feb. 19. 
continuing with Tittle 


abatement till noon 


Liverpool! Bebdeoe 


Feb. 18. 
London ....0....| Ll A.M. Feb. 16...... ooo{ 11 P.M. Feb. 16.........] Not recorded, 
Dec. 24, 25. Could scarely be called a storm. 


Armagh ......... 
Liverpool OObene 
London ......... 


Armagh. ...co.es. 


Liverpool ...... 
London ......... 


1853. 


Armagh ......... 
Liverpool ...... 


London ......... 


Mar. 31, Apr. 1,2. 
Armagh .......:. 


11 p.m. Dec. 24 ...c00...| 3, 4 AM. Dec. 25 ......| 11 a.m. Dec. 25. 


12 P.ms Dec. 24 secccesrs 5, Ga.m. Dec. 25 ......| 35 p.m. Dec. 25. 

Wind ali afternoon of| 3-6 a.m. Dec. 25 ......{ 1 PM. Dec. 25. 
24th. 

Wind all day Dec. 26...) 5~7 a.m. Dec. 27 ......| 6-8 P.M. Dec. 27. 

10 p.m. Dec. 26,........| 9-11 a.m. Dec, 27...... 9 p.m. Dec. 27. 


Not recorded ..,......00.| 10 a.m. Dec. 27.........| 7 P.M. Dec. 27. 


6 P.M. Feb. 25 ..ccoes..| 5, 6 A.M. Feb. 26 ...... 6 p.m. Feb. 26. 
9 p.m. Feb. 25 ......06.| 12 Noon to 2 P.M. Feb.| 7 a.m. Feb. 27. 
26. 
2 aM. Feb. 26 .........| LI A.M. to 2 p.m. Feb.) Record terminating 
26. suddenly at 3 p.m. 
Feb. 26. 
1 a.m. Mar 31 ......005| 11, 12 p.m. Mar. 31 ...| Wind high, but nearly 
uniform, for many 
hours, from 8 p.m. Apr. 


1 to 6 p.m. Apr. 2, 
when it was over. 
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Tape I. (continued.) 


1853 Commencement. Height. Termination. 
Mar.31, Apr.1,2 
Liverpool ...... 8 a.m. to 4 P.M. Mar. 31} 9 a.m. to Noon Apr. J .| 10 p.m. Apr. 2. 
London .........] Not recorded .,......0...| L A.M. Apt. Di..cesseceee] > AM. Apr. 2. 


Sept. 25, 26. 
Armagh .........| Several hours P.M. Sept.| 3, 4 a.m. or 11, 12 4.m.] 9 P.M, Sept. 25. 


24. Sept. 25. 
Liverpool ......| 9 A.M. Sept. 25 ,........| 5-L1 pow. Sept. 25......| 7-11 P.m. Sept. 26. 
London ......... 8 a.m. Sept. 25 .........( 12 P.M. Sept. 25.........| Not recorded. 


1854.—Jan. 26. 
Armagh .........| — P.M. Jan. 25..,......| 5 AM. Jan. 26 ......,.., 3 PM. Jan. 26, 
Liverpool ......|5 A.M. Jam. 26 ......0.. 10, 11 a.m. Jan. 26 ...'6 Pm. Jan. 26. 
London ....so+e- No wind affecting the pressure instrument. 
Feb. 17, 18, 19. 
Armagh ......... — P.M. Feb. 16 .........| 7-9 AM. Feb. 17 ....0.| 5 A. toS p.m. Feb. 18 
Liverpool ...... L aM. Feb. 17 .00....5. 7 p.m. Feb. tf to 4a. 5 a.m. Feb. 19. 

Feb. 18. 
London ,,....+0+| L A.M. Feb. 17 .00..0..] 6-10 Put. Feb. 17...... Not recorded, but aba 

ting a.m. Feb. 18. 


Taste If.—Changes in the Direction of the Wicd. 


1852.—January 38, 4. 
Armagh.,....sw byw; ssw; sbyw; ssw; swbhyw; wsw; whys; wsw; swhbyw; 
wew; sw; wnw; nw. 
Liverpool ... ssw; 83 ssw3 sW; Wsw3; wWnw; WwW; wnw; nw. 
London ,.....8W3} WSWS SW; sSW3 sws sss wWsw; wnw; Ww, 


January 8, 9, 10. 
Armagh..,... ssw; 8; sbyw; ssw; sbyw; ssw; swhys; waw; nwbyw; 
nw; then for many hours from nw to wnw, w by n, and n by w. 
Liverpool ...8; sse; se; sse; 8; SSW; 8; W; WnWs nnW; nw; wnw; nw; 
nnw. 
London ...... 8; S88SW; SW 3 WSW3 WSW3 8; SSW} wWsw. 


February 15, 16, 17, 18. 

Armagh...... Ww; whys; w; wsw; whys; w; wbhyn; w; whys; swhys; 
whys; w; whbyn; w; whys; w; whys; wnw; nwbyw; nbyw; 
nw, 

Liverpool ...w; Wnw; WwW; wnw; Ww; wnw; W3; whnw; nw; Wnw; WwW; wnaw; 
w; wnw; nw; nnw; nn. 

London ...... SW; ssw. 

December 24, 25. 

Armagh...... sse; sebys; sse; swhys; wsw; nuw; wsw; swhyw; sw. 

Liverpool ...sse; 8; ssw; sW3; wesw; Ws; wsw; WwW; wsw. 

London ...... s3W; Wsw; W 3 wsw. 


December 26, 27. 
Armagh...... sse; 8; sbyw; 68; sbye; s; sbyw; ssw; sw; whys; swbyw. 
Liverpool ... sse; 8; SW; ssW3 SW; Wwsw. 
London ...... Commencement not recorded; ssw. 


1853.—February 25, 26. 
Armagh......sw; whbhyn; w; whys; w; whbyn; wnw; whbyn; wnw; Aw; 
nnw; nw by w. 
Liverpool ...w; wsw; sw; wsw; W; wWhnw3; Dws nnw; w. 
London ...... WOW; ssW; SW; WSW; SSW; wswWw; Ww. 


March 31; April 1. 

Armagh...... se; sebys; sse; sebys; sebye; sse; sebys; sebye; se; es: 
e; ebys; e; ebys; then there was almost acalm for three hours, and the wind 
began at aw by w, w bys, wew, whys, and wsw, till the storm was over. 

Liverpool ...sse; se; esse; 8; SSW; 8W; Wow; w. 

London ...... Commencement not recorded; sse; 8; ssw; sw; wesw, 
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Taare II. (continued.) 


September 25, 26. 
Armagh......sbye; 8; sbyw; ssw; swhyw; waw; swhyws; whys; nw. | 
Liverpool ... sse; W; WwnWw; nwWws now; nw; onw; nw; nnws nw; wnw$ 
nw; ww. 
London ...... 8€3 6; SSW; sw 3 wew; wy; wesw. Conclusion not recorded. 


1854.—January 26. 
Armagh...... wsW; swbhyw; sw; waw; swhyw; whys; w; whyn; wnw; w. 
Liverpool ... sw; ssw; W; wnw. 
London ...... 88W5; SW; WSW; SW; wsw; wWhWw; WwW; wsw; sw; 5. 


February 17, 18, 19. 
Armagh...... wnw; whyn; whys; wesw; whyns; wnw; nwbyw; nw; nwbynj 
haw. 
Liverpool ...W; wesw; w; Wnw; nw; wnw; nw; wnw; nnw; n. 
London ......8W; Wswj; Ww; whw. 


Tasre I1f.—Diversity of Wind at same hours in the Three Stations for the Decembet 
Storms, 1852. 


1852. Dec. 24. P.M. Dec. 25.—A.M. 

eee, | es RS seen ects AD 

ll 12 l 2 3 4 5 6 7 8 
Armagh...... 888 SEby8 ssE swhys_.., wesw NNW wsw swbhywW  .. 
Liverpool ... s8E eee eee 8 ssw sw wsw eee w eee 
London ...... 88W eee eee eee vee ees vee oes wsw oe 

A.M. P.M. 
ee | | a> 
9 10 ll 12 1 2 3 4 5 

Armagh ooceee ese ooe sw yy) pee eee sw by 8 eee eee 
Liverpool eee ove TT) wsw eee w eee wsew eee eve 
London .....0. WwW waw ees oes ees ace ees sw ssw 
1852. Dec. 26. P.M. Dec. 27.—A.M. 


’ ae \ OO a 

10 ll 12 i 2 8 4 5 6 7 8 9 
Armagh... ssE s sbyw s .. SbyB 8s sbyw ssw 8W oo. Whys 
Liverpool e Sse ese 8 eee : oes sw saw sw ace ede 


London ... "Not recorded. ssw 
A.M. P.M. 

10 1h 12 ] 2 3 4 5 6 7 8 

Armagh secnse pee eee eee eee eee oe swWbyw eee eee sw tes 

Liverpool see ose eee wsw eee ece eee eee eee eee ses ote 

ndon ee6200 ooo eee eee eee eee Cre) eee eee ose eee eee 


Tasie 1V.—Amount of Wind preceding and following the Height of Storms. 

Before, After. 
3852. January 3 ......632 Miles .e.s00 391 
— January 8 20.6640 yy —— serree 969 
— February 15 976 yy — csccee 1936 
— December 24...156 ,, aeeece 313 
— December 26...430 ,, eeeeee 406 
1853. February 25 ...420 ,, ceceee 532 
— March 31 ...+.473 ” eeecee 959 
— September 25 102284 ”? pevece 780 
1854. January 26 ...008 Gl 5, cavene 144 
son February 17 40825 9 Peeces 951 


4794 7381 
1884. 3 
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Mr. F. Oster gave a description, with drawings, of his Anemometer and Raio- 
Gauge at the Liverpool Observatory, combining successive and important improve- 
ments upon his original instrument, which he introduced in Liverpool at the meeting 
of the British Association in 1837, with a Report of the recorded observations. 


On the Meteorology of Huggate, Yorkshire Wolds. 
By the Rev. T. Rankin, HA. 


The auther has for many successive years annually furnished to the Association 
detailed reports of meteorological observations recorded by himself. The present 
gave the tabulated results; the observations being taken at 9 a.m. and 2 P.M., ip a 
northern shaded aspect. The tables were—1, of the thermometer, showing, for the 
year, monthly means of the maximum, minimum, difference, lowest range and 
greatest range ;—32, of the barometer ;—3, winds ;—4, character of weather ;—5, 
rain ;—6, hygrometer. These were accompanied by observations, drawing attention 
to the days and amount of the most remarkable phenomena under each head : also, 
notes of the Great November Wave of Aurore Boreales and thunder-storms; and 
such a comparison with the recorded observations at other less elevated stations as 
led the author to the conclusion,—‘ That the range of the thermometer decreases 
as the elevation of the locality above the level of the sea increases.”’ 


The Meteorology of Nice Maritime for 1853. By Col. Syxes, F.R.S. 


‘ Nice is situated in latitude 43° 4117 N. and longitude 4° 66"22 E. of Paris. 
The meteorological observations were taken by Mon. Teyssiere, a French gentleman, 
in the Maison Tiranty, with a northern aspect, at an elevation of 59°06 feet above 
the ground, and 75°46 feet ‘above the sea level. Mon. Teyssiere had his instruments 
compared with a standard set introduced into the ‘ Ecole de Commerce’ in 1853. 
' * Temperature.—The coldest month in 1853-54 at sunrise was February, 38°93, 
then December, 41°°13, and then March. In January the temperature did not fall 
once to the freezing point, and in February only twice. The mean température of 
February was 42°55, of December 44° 85, and of March 46°74, On the 19th and 
20th snow fell to the depth of a foot, and on the 7th, 8th, and 13th snow fell on 
the neighbouring hills, while none fell in Nice. The hottest month was August 
75°°56, and July 72°61, but the maximum height of the thermometer was 90°°86 
on the 3rd September. 

Range of temperature.—The range of the thermometer, annual, monthly, or daily, 
was nevergreat. Themean minimum dailyrange wasin December 8°36, and the maxi- 
mum in August 12°70. The maximum range in any one day was on the 8th September 
16°°2. The greatest daily range in the cold months was 15°48. The mean range 

in the year was 40°°63, and the absolute range was from 28°°60 on the 29th De- 
.cember, to 90°86 on the 3rd September=62°-26, but this was an exceptional case. 
. - Pressure of the atmosphere.— Like the temperature, there is considerable equabi- 
lity in the movement of the barometer, partaking, in fact, of atropicalcgharacter. The 
maximum pressure was 307-393 for nearly three days, 26th, 27th, and 28th of 
January 1854; but the highest in 1853 was 30°197 on the lst January 1853. The 
lowest indication of the barometer was at 2 p.m. and eunset on the 9th February 
29°°015, and the same on the 19th February, the extreme range of pressure there- 
fore was 1°378 in. The extreme range for ten years, 1833 to 1842, at Genoa was 
only 1°904 in. The extreme monthly range was in January 1°102 in. 

ange of pressure.—The daily range was very limited, rarely exceeding 0°157, 
and in a thunder-storm it never amounted to 0:393. In the summer months the 
barometer scarcely moves for days together. The mean pressure for the year at 
Nice was 29°°601, and for ten years at Genoa 29°788 in. 

Annual curve.—The annual curve of pressure shows, as in India, a relation to the 
position of the sun in the ecliptic ; being greatest when the sua.is farthest south, and 
gradually diminishes as the sun comes north. Ten years’ observations at Genoa 
show this feature in a marked manner annually. 
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} tdes.—At Nice also, although the hours of observation were unfavourable, 
the daily oscillations, with two maxima and two minima, for convenience called at- 
mospheric tides, were discoverable. The Genoa records show the same in every 
month. 

Rain.— Measurements of rainfall were not made by Mons. Teyssiere in 1853, but 
Mr. Wilkins in his book says the fall in winter is 3 to 7 in., spring 3 to 8 in., 
summer 2 to 7 in., and autumn 6 to 18 in., and the mean fall for the year 24 in. ; 
& maximum in any one year 41 in., and a minimum 15 in. In 1853, in 1486 ob- 
servations, rain fell 166 times, the maxima being 32 times in May and 27 times in 
October ; the sky was clear 930 times, overcast 309 times only, haze 14, fogs 3, 
stormy 13; thunder, hail, or snow 26 times. 

Winds.—The most remarkable feature is the paucity of the winds from southerly 
quarters. In 1390 observations it blew from the south only 31 times, S.E. 57, 
S.W. 169, N. 291, N.E. 139, N.W. 168, so that northerly points give 598 winds, 
and southerly only 257. The east wind blew 124 times, and the west only 66 
times. 

Electricity.—Obeservations were not made for electricity. 

The above analysis shows that the meteorology of Nice and Genoa, and by: 
inference that of the Maritime Alps, presents some features common to a tropical 
climate ;— comparatively equable pressure, and limited range of atmospheric pressure, 
moderate temperature, and small range of the thermometer whether daily, monthly, 
or anpual; no excess of heat in the summer, no great depression of temperature in 
the winter, an unclouded sky for weeks together; violent winds and tempests rare, 
serenity of the atmosphere being a characteristic, and added to all this, perennial 
verdure : there would thus appear to be a combination of physical circumstances 
highly conducive in the people to freedom from formidable diseases, and more espe- 
cially those affecting the respiratory organs ; nevertheless the official medical returns 
show that the deaths from the diseases of these organs far exceed the deaths from 
any other cause, not less at Nice than at Geneva and Turin, and exceed the propor- 
tion from similar diseases of the respiratory organs io London. 


eee 


On the Meteorology of the Albion Mines, Nova Scotia. By H. Poorer. | 


The Albion Mines are situated in the county of Pictou and province of Nova 
Scotia in North America, lat. 45° 34' 30” north, and long. 62° 42' west from 
Greenwich. They are upon the western side of the East river, which flows in a 
northerly direction from its source in the St. Mary’s mountains until it empties 
itself into the bay or harbour of Pictou, which is one of the most eastern harbours 
of the continent of North America, and opening into the Gulf of St. Lawrence. 

The sea is distant about ten miles, with some rising land intervening, but pro- 
bably not more than 250 feet high. The ground rises moderately on all sides 
around the mines, except in the direction of the river, which at this point spreads 
into two branches, and forms an interval of rich soil of about half a mile in breadth. 
The surface of the surrounding country is very undulating, being intersected by 
brooks or small streams (often dry in summer) running in every direction. 

The soil in the immediate vicinity of the mines is of a loamy clay, forming a thin 
crust upon the aluminous shales lying below, and which dip in a north-easterly 
direction at a general angle of 19°; several thick seams of coal lie below and 
alternating with the shales; while the limestone formation underlying the coal: 
measures crops about one mile to the south-west of the mines, and gives its cha- 
racteristical formation of conical hills to the surface of the country. Pines and 
spruce have been the prevailing forest trees upon the uplands, with birch and 
maples intermixed on some parts; while large hemlocks have marked the lines of - 
the brooks, and a few elms have grown upon the interval between the forks of the 
river; and as hardly any of the clearances extend one mile back from the banks of 
the river, the country may be considered as almost in its primeval forest state as 
regards the climate of the country. 

The latitade being 45° 34' 30” north, we enjoy the sun’s influence in the shortest 
days for eight hours and forty minutes, and in the longest daye during fifteen hours 
aod twenty minutes, . ; 
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The mean temperature of the earth at this latitude is theoreticallycalculated at 
58° *, but from the mean daily observations for ten years taken twice a-day, or the 
two extremes of night by a self-registering thermometer, and by actual observation 
at noon, it is found to be 41°-94 at the mines, or 16° colder than theoretically esti- 
mated, owing chiefly to its position on the east side of the continent, and to the 
cooling influence of the sea breezes during the sammer months. 

The mean temperature of the year is found to vary in different years to the extent 
ef 33°, but the observations have not been extended through a sufficient number of 
years to know whether the fluctuations are periodical or not. 

159° have been observed under the full influence of the sun’s rays, and 40° below 
zero were obscrved at the bottom of the coal pit (250 feet deep) when the thermo- 
meter on the surface registered 22°. 

The greatest heat that has been observed in the shade 6 feet above the ground 
was 98°, and the greatest cold 22° below zero, giving an extreme range of 120°. 

By dividing the year into two parts at the mean temperature of 42°, there are 
190 days of warm and 175 days of cold weather; the mean temperature crossing 
that line on an average of ten years on the Ist day of May and 6th day of No- 
vember. 

If we divide the year into four seasons, and assume winter to continue whilst the 
daily mean is below 32°, spring and autumn to last while the daily mean is 10° 
below and above the annual mean, or from 32° to 52°, and call it summer whilst 
the daily mean is above 52°, we shall then have the average length of the seasons as 
follows :— 

Spring 32° to 52° from 27th March to 3ist May........ 66 days. 
Summer all above 52° from Ist June to 24th Sept. ......116 _,, 
Autumn 32° to 52° from 25th Sept. to 26th Nov....... 63 ,, 
Winter all below 32° from 27th Nov. to 26th March...120_,, 


365 


The mean temperature has varied during ten years only 3}° of Fahr., a quantity 
certainly very inconsiderable when we compare by sensation the warmth of one 
hour of the day with another, yet capable, when added or subtracted from the whole 
year, of producing a decided difference in the seasons. We must not, however, too 

astily connect with a low mean the idea of a cold winter, or that of a hot summer 
with a high one. ‘lhe heat is added or taken away sometimes in one season or 
quarter of a year, sometimes in another ; and again occasionally almost throughont 
the year, as will be more distinctly seen by an examination of the table of mean 
temperaturet; or it may be caused by the difference between the mean temperatures 
of day and night, which | consider an important deviation, and deserving of farther 
inquiry, as it affects vegetation. ; 

The registry of the weather at these mines was originally commenced at the 
request of Admiral Owen, and accordingly published in the Pictou papers, so that 
he might compare our weather, and more particularly the course of the wind, with 
the register kept by the surveying party on board H.M. steamer ‘ Columbia’ in the 
Bay of Fundy ; it was afterwards forwarded to the Smithsonian Institute at Wash- 
ington to be incorporated along with the numerous registers kept in other parts of 
the continent of North America; and having now been kept for a decade of years, 
it is hoped that the following tables and summary of some facts deduced therefrom 
may be of interest to the friends of meteorology. 

t is proper here to acknowledge that Howard’s ‘Climate of London’ has 
suggested the plan of the greatest part of the work ; and a desire to compare the 
climatic phenomena on the east side of North America with those recorded by him 
on the opposite side of the Atlantic or on the west coast of Europe, has been the 
chief inducement for doing so. 

It is to be regretted that the instruments used have not been compared with 
standard ones; and therefore no corrections have been attempted to be made 
excepting the correction of the barometrical readings for temperature by the tables 
of the Royal Society of London. This barometer, with thermometer attached, is 


* By Brewster's formula, 81-5 Cos Lat. 
t These Tables are not published in the present Report, 
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hung in a sitting-room at 120 feet above the level of the sea; it is graduated from 
a fixed point, and the mercary is enclosed in a kid cup. 

Two thermometers, self-registering for night, are hung 6 feet from the ground on 

the side of the house exposed to a N.E. direction, Lut protected from the N.W. 
winds by a clump of trees at a few yards distance; another registering thermometer 
is placed upon the ground and exposcd to the full action of the atmosphere, and 
the difference in its readings at night from the other thermometers placed on the 
house was shown in a Table. 
. The rain is measured by a 12-inch diameter funnel-shaped tin pipe, where 1 inch 
of the funnel reads as 9 inches of the float-rod ; the snow is received into a pail of 
3 feet depth and 8 inches in diameter, suspended by a double ring like a ship’s 
compass, so that no snow-drift falls into it, and the melted snow is measured in the 
rain-gauge. 

The force of the wind has been measured curing 1852, to a certain extent, by a 
machine having a board of 1 foot (made to face the direct action of the wind) 
pressing against a spring which marked the force in pounds of pressure. The clear- 
ness of the sky, velocity of clouds, and also the direction of the different currents, 
are from observations made with the naked eye at different times in the day. Other 
atmospheric phenomena have been recorded where it was thought that they might 
assist in elucidating changes or modifications in the climate. 

Our winter begins by the temperature on the 27th November, and continues 120 
days, or nearly one-third of the whole year. The mean temperature of the season 
is 20°°857 for the months of December, January, and February, but for the whole 
120 days the mean temperature is 22°°015. The hottest day during the ten years 
was the 11th January 1843, when the thermometer did not fall below 42° at night 
and rose to 63° in the day, or a mean of 52°°5. The coldest day was the 19th 
January 1849, when the thermometer at night marked —15° and did not rise above 
—~8° all day, or a mean of —11°°5; greatest cold —22° on 7th January 1851. 

The mean height of the barometer is 29°6903 ins., being °0497 in. below that of 
autumn. The range of the column is greatest in thie season ; the highest, 30°757 ins., 
being on 28th February 1849, and the lowest, 28°410 ins., on 3let December 1848. 
The mean range is 2°125 ins. 

The winds prevail from south to west and west to north during December, while 
northerly winds prevail in January and February. Upon the mornings of greatest 
cold, or when below zero, the wind generally blows from the S.S.W. The average 
rain, including melted snow, is 11°5282 ins., of which nearly 5 ins. fall in Decem- 
ber. It only hailed four times during the ten recorded winters, whilst there is 
scarcely a January passes but there is lightning or thunder once. 

When the frost sets in it geaerally continues steady for a length of time. The 
longest frost without a break was from 3rd December 1848 to 22nd March 1849, or 
108 nights; with the exception of a rain storm on the 12th February, there was 
frost from 24th November 1851 until the 21st April 1852, or 142 days. The shortest 
frost was only 32 days in succession in the winter of 1844-45. During the con- 
tinuance of these frosts the ground is generally covered with snow, so that the 
vegetation and roots of the grasses do not suffer, and good roads are made upon it 
which enable the farmer and lumberer to carry their produce easily to market. Fogs 
are rarely seen; the atmosphere is generally ‘ry and bracing, and there are but few 
days on which workmen are unable to work out of doors; people expect it to be 
cold, and are accordingly clad in woollens ; and it is remarked that the more steady 
and colder the winter is, the more healthy are the inhabitants. 

Occasiovally a silver thaw will encase the trees, &c., sometimes nearly to the 
thickness of an inch, and then the fruit trees are apt to have their branches broken 
by the weight; but it is a magnificent sight to see the forest or even a single tree 
bending in graceful curves beneath its crystal load, and reflecting the rays of the 
sun from every point with all the prismatic hues of the rainbow. The sun was not 
visible from the 15th to the 3ist December 1843. 

Spring commences on the 27th March according to the temperature ; its duration 
-is only sixty-six days, during which the medium temperature is elevated from 32° to 
52°. The mean of the normal season is 37°44, but for the sixty-six days it is 
43°°12; the sun effecting by his-approach an advance of 1}°105 upon the mean 
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temperature of the winter. The temperature increases very regularly about 10° 
each month from February to June, contrary to the sudden starts to which it is 
subject in Britain. The easterly winds prevail in April and May, which keeps the 
weather cold, and sometimes a foot of snow falls; but in general there are fewer 
days of rain, and less fais in April than in any other month. 

One half of the nights are frosty ; the mean temperature at right in April being 
27°°637, while May is as low as 37°63; this greatly retards vegetation, although 
the sun has great power; the average heat in the daytime in April being 46°24, and 
in May 59°-287. In 1844, on the Ist April, the thermometer marked 3° below, 
and on the 2nd 2° below zero; this very unusual degree of cold was followed: by a 
fortnight of calm fine weather with northerly winds, and very little snow or rain 
falling. . 

The mean height of the barometer for the normal spring is 29°7067 ins., being 
°0164 inch above the winter. The extreme elevations and depressions of the column 
go off in great measure during the season, and by the end of spring the range is 
contracted to about 1} inch. Mean range of the season 1°665 inch. 

The wind is easterly for one-third of the time, which is in a great measure owing 
to the large bodies of floating ice off in the Gulf of St. Lawrence; so that although 
the westerly winds blow generally during the nights and early in the mornings, yet 
it is almost sure to shift round towards the N.E. as soon as the sun raises the tem- 
perature, or about ten o'clock in the morning. 

The average rain is 9°9439 ins.; the showers are generally heavy and not of long 
continuance, while the evaporation is excessive; eo that in a few hours afterwards 
the land is in good order for the farmer to proceed in sowing his crops. 

Summer begins on the Ist of June and lasts for 116 days according to the témpera- 
ture, with a mean temperature of 6°°187, the whole 117 days being above 52°; the 
sun effecting by his position in the northern hemisphere an advance of 18°°76 upon 
the mean temperature of the spring. The temperature of the normal summer is 
63°°36. The medium of the twenty-four hours rises during the season from 52° to 
73°°5, and returns again by the close to the former level on the 24th September, 
‘The mean temperature of July and August do not differ from each other more than 
the tenth of a degree, while for four years out of the ten there was a slight frost on 
one morning in the month of July as well as August, while upon an average there 
are four frosty nights in June and five in September, so that frequently there is 
frost in every month of the year. 

The mean height of the barometer for the normal summer is 29°7180 ins., or 
‘0113 inch above the vernal mean. 

The mean range is 1°07 in. Jn England the least range is in the month of Jaiy, 
while here it exceeds the mean range of both June and August by nearly one-tenth 
of an inch; the least range being 1°063 in. in Juue. The predominating winds in 
this season are from south to west; but still one-third of the time the wind blows 
during the day from north to east or from east to south; but this cannot be more 
than a local breeze, for the upper currents, as shown by the course of the clouds, 
mark in general a S.W. current. . 
hone mean rain is 9°6048 ins., less falling in June than in any other month of 

e year. 

Autumn begins on the 25th of September, and lasts only sixty-three days, or until 
the mean temperature falls again below 32°. The mean temperature of the season 
is 46°°243, being 17°12 below the three months of summer, but the mean tem- 
perature of the sixty-three days is 43°°04. 

The mean height of the barometer for the normal autumn is 29°740 ins., being the 
highest average throughout the year, and the extreme range 2°102 ine. 

The winds blow for two-thirds of this season from south to west and west to 

north. 
The average quantity of rain is 13°5264 ins., October being our wettest month 
as regards quantity ; but as the showers are heavy and not of long continuance, there 
is a good deal of fine pleasant weather at this season of the year, particularly about 
the end of October or beginning of November, when there are ten days or a fort- 
night of clear sunny days with the temperature rather above the mean, and which 
short period is usually called the Indian summer. 
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The dews are frequently very heavy at this season, so much so that the quantity 
precipitated in one night in the rain-gauge bas often measured the one or two thou- 
sandth part of ao inch. 

The mean height of the barometer, as deduced from the observations taken during 
a period of ten years, is 29°71377 ins. at an altitude of 120 feet above the level of 

e sea. 

In a general Table* were exhibited the greatest and least elevations of the baro~ 
meter in each month for the ten years 1843 to 1853. To the maximum heights of 
each year was annexed the mark X and to the minimum 0. Of the yearly maxima, 
the greatest number, or one-half, occur in the first two monthe, and the rest at the 
end of the year, with one exception in April. Six of the yearly minima occur in the 
last two months of the year; the other four minima occur in the beginning of the 
year. Thus there are five months (May to September) in which the barometer visite 
neither extreme of its yearly variation, while the higher and lower annual extremes 
are chiefly the product of what constitutes the winter at this station. 

Another Table*, drawn from the results of the preceding one, serves for more easy 
reference. The average of the third column, or the medium between the ave 
elevations and depressions, is seven hundredths of an inch below the mean height 
for the climate (29°7)377 ins.), the reason of which is that the depressions occupy 
a smaller space of time than the elevations; in consequence, a less proportion of 
them comes into an average founded on daily results. 

The average anoual range is 1°944 in.; the range varies in different yeare about 
six-tenths of an inch. 

The greatest elevation in ten years appears to have been 30°757 ins. “‘ corrrected”’ 
on the 27th February 1849; the day was introduced by a moderate N.N.E. breeze, 
a rimy frost and fog in the morning; the temperature was 1° below zero during the 
preceding night, it stood at 35° at noon; the day was very fine, with a few cirrus 
clouds from the west. The next highest was 30°753 ins. ‘‘ corrected”’ on the 2nd 
April 1844, when the wind had also prevailed for three days from the N.E., but 
was gentle from the south at the time of the extreme range. The temperature 
been unusually low, 3° below zero on the night preceding the Ist, and 2° below 
zero on the 2nd; the temperature was only 23° at noon on the lst, and 32° at noon 
on the 2nd. Fog at sunrise on the lst; cirrus clouds from S.W. on both days, 
and on the 2nd halo roand both the sun and moon. , 

The greatest depression in ten years occurred on 3rd November 1851, when the 
barometer descended to 28°505 ins. at 12 p.m.; there was fog in the evening, with 
lightning and thunder at 10 p.m.; the wind was a fresh breeze from the S.W.; the 
temperature was 54° out of doors at 9 p.xt. Howard’s observation in England, that 
neither extreme is produced very suddenly, is not borne out here; it has often 
been known to rise or fall about an inch within twenty-four hours, and the two 
extremes have occurred within a few days of each other; while in February and 
March 1849 the barometer never fell below 30 ins. for seventeen days in succession. 

Rain.—The mean annual depth of rain is 44°9676 ins. for ten years ; the greatest 

quantity, 58 805 ins., being in 1848, and the least quantity, 32°921 ins., being in 
the year following, or 1849. 
_ Contrary to the observed connexion in England between a wet and cold season, 
and a warm and dry one, no such affinity appears to connect them at thie station; 
for the greatest quantity of rain fell in 1848, when the mean temperature was 43°'2, 
or 1°°3 above the meant, while the driest year was 1549, when the mean tempera- 
ture was 41° 1, or ‘8 below the mean. 

The greatest quantity that fell in any one month was 10°58 ins. in October 1843, 
and the least quantity ‘913 in. in May 1849. 

Upon an average the greatest quantity falls in the month of October, confirming 
the correctness of the obeervations of the Indians, who say that the froet never sets 
in until the brooks are full. The least quantity of rain falls in the month of June. 

Upon an average it rains on 171 days in each year, and twice as often in the day- 
time as during the night. 

® These Tables are not published in the present Report. 

+ Seven inches above the average falling in the fret quarter, when the mean temperature 
was 4° above the average, 
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' In August 1848 it rained 6-328 ins. in four days, and 1850, September 8th, it 
rained 3°955 ins. in twenty-four hours; the storm in both instances blowing from 
N.W. to N. and N.E. 

With regard to the proportions of rain in the former and latter half of the year, 
they stood thus by the average :— 

For the first six months, January to June, 18°7465 ins. ; for the latter six months, 
July to December, 25°8568 ins. The sums of the mean temperature of these two 
portions thus divided are 208°97 ins. and 294°70, being nearly one-third higher in 
the latter half of the year. 

If we divide the circle in another place we shall have a very different result. 

From the fourth to the ninth month (April to September) the average rain 
amounts to 18°1572 ins., from the tenth to the third month (October to March) 
26°4461 ins. Now the sum of the mean, temperatures of the first six months m 
this series, or the summer half-year, is 331°51, and that of the remaining six 
months, or winter half-year, 172°16. Here the relative quantities of rain remain 
about the same, while the temperatures are reversed. 

In Howard’s ‘ Climate of London,’ the driest month in the year is March }, 

February 2, April 3, May 4, June 5, September 6, January 7, August 8, December 
9, October 10, July 11, November 12 ; while at the Albion Mines June is 1, April 2, 
May 3, September 4, July 5, February 6, January 7, March 8, August 9, Novem- 
ber 10, December 11, October 12. 
. January.—The sun in the middle of this month continues about 9 hours and 
6 minutes above the horizon. The temperature rises in the day, on an average of 
ten years, to 25°46, and falls in the night to 12°18; the difference, 13°28, repre- 
senting the mean effect of the sun’s rays for the month, may be termed the solar 
variation of the temperature. 

The mean temperature of the month is 18°84; but this mean has a range of 
13°] in ten years, which may be termed the lunar variation of the temperature. 
The warmest year was 1843, when the winds prevailed from the S.W.; and the 
coldest was 1851, when the winds prevailed from the N.W. and N.E. 

The barometer in this month rises on an average of ten years to 30°3515 ins., and 
falls to 28°9012 ins.; the mean range is therefore 1°4503 in.; but the extreme 
range in ten years is 2°012 ins. The mean height for the month is 29°6958 ins. 

The prevailing winds are the class from west to north; the average of ten 
years being north to east 3°8, east to south 4°4, south to west 7°4, west to north 15°4. 

The mean rain or melted snow at 3 feet from the earth is 3°3814 ins.; and the 
number of days upon which it falls averages 5 nights and 11 days, or a total of 16. 

The snow falls upon an average of 13 days, and a mean depth of Ift. 10 ins. The 
heaviest storm was in 1844, when it snowed 2 ft. 9 ins. on a level in three days In 
the firet part: of the winter the snow is very dry, and it takes 17 ins. of snow melted 
to make 1 in. of water. 

- Upon an average, 29 nights have constantly the temperature below the freezing- 
points, while 6°7 nights and 1 day fall below the zero-point. The mean degrees of 
frost average 623; the greatest number, 825, being in 1851, and the least, 447, in 1843. 

Fresruary.—Length of day in the middle of the month about 10 hours 18 minutes. 
Mean of greatest heat by day 28°-075, of greatest cold by night 10°95 ; difference, 
or solar variation, 17°°125. 

. Mean temperature of the month 19°51; difference in the mean or lunar variation 
13°°3. The warmest years were 1848 and 1850, when the winds prevailed from the 
N.W.; and the coldest year was 1849, when the wind prevailed from the north to 
east 


The barometer ranges on a mean from 30°365 ins. to 28°905 ins.—difference 
1°460 ins. ; but the full range in ten years extends to 2°174 ins. Mean height for 
the month is 29°6866 ins. 

The prevailing winds are the class from west to north; the average of ten years 
being north to east 4°2, east to south 4:9, south to west 6°9, west to north 12°3. 

The mean rain or melted snow is 3°2673 ins., falling on an average on 4 nights 
and 9 days, or a total of 13 through the month. 

. The snow falls on 11 days upon an average, and a mean depth of 2 ft. 1 in. The 
heaviest storm was in 1849, when it enowed 2 ft. 6 ins. in two days. 
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There are 27 nights of frost upon an average, while 7°7 nights go below zero; and 
in three years there was one day on which the temperature kept below zero all day. 
The mean degrees of frost average 600; the greatest number, 870, in 1849, and the 
least, 433, being in 1850. 

Marca.—Length of day in this month averages 11 hours 42 minutes. Mean of 
greatest heat by day 36°°135, of greatest cold by night 17°'85 ; difference, or solar 
variations 18°°285. 

Mean temperature of the month 26°'98 ; difference in the mean or lunar variation 
8° 7. The warmest year was 1846, and the coldest year was 1847, when the winds 
prevailed from the west to north. 

The barometer ranges on a mean from 30°282 ins. to 28°916 ins.—difference 
1°366 ins.; but the full range in ten yeara extends to 1°776 in. Mean height for 
the month is 29°672 ins. 

The prevailing winds are the class from west to north; the average of ten years 
being north to east 5°5, east to south 5°5, south to west 7, west to north 13°0. 

The mean rain or melted snow is 4°3963 ins., falling on an average on 4 nights 
and 10 days, or a total of 14 through the month. 

The snow falls on 11 days upon an average, and a mean depth of 2 ft. 1}in. 
The heaviest storm was in 1850, when it snowed 16 ins. in three days. There are 
28 nights of frost upon an average, while 2°8 nights go below zero. The mean 
degrees of frost average 453 ; the greatest number, 557, in 1849, and the least, 338, 
being in 1846. 

Apait.— Length of day in the middle of the month 13 hours 22 minutes, Mean 
of greatest heat by day 46°24, of greatest cold by night 27°63; difference, or solar 
Variation, 18°°61. —- 

Mean temperature of the month 36°°88 ; difference in the mean or lunar variation 
5°6. The warmest year was 1843, and the coldest 1850; in the former the wind 
prevailed from the south to west, and in the latter from north to east. 

The barometer ranges on a mean from 30°2763 to 29°0248 ins.—difference 1°2515 ; 
but the full range extends to 1°871 in ten ycars. Mean height for the month 
is 39°7022 ins. 

The prevailing winds are the class from west to north; the average of ten years 
being north to east 7'7, east to south 3°5, south to west 7°4, west to north 11°4. 

The mean rain or melted snow is 2°650 ins., falling on an average on 4 nights and 
8 days, or a total of 12 days through the month. 

The snow falls on 7 days upon an average, and a mean depth of 9¢ins. The 
heaviest storm was in 1852, when it snowed 124 ins. in two days. 

There are 24 nights’ frost upon an average, and in 1844 two nights went below 
zero. The mean degrees of frost are 165; the greatest number, 257, in 1850, and 
the least, 92, being in 1846. 

May.—The length of the middle day is about 14 hours 38 minutes. The tem- 
perature rises by day to 59°28, and falls by night to 37°°63 ; the solar variation is 
consequently 21°65. 

Mean temperature of the month 48°-44-—difference in the mean or lunar variation 
9°°4. The warmest year was 1846, when the winds prevailed from the south to 
west ; and the coldest year was 1849, when the winds prevailed from north to east. 

The barometer ranges on an average from 30°1507 to 29°2190 ins. ; the mean 
range is therefore -9317, but the full range in ten years is 1°347. Mean height for 
the month 29°7459 ins. 

The prevailing winds are the class from west to north; the average of ten years 
being north to east 7°6, east to south 6°4, south to west 7°9, west to north 91. 

The mean rain or melted snow is 2°8976 ins., falling on an average on 4 nights 
and 9 days, or a total of 13 through the month. The snow falls on 2 days on an 
average, and a mean depth of 1 inch. The heaviest storm was in 1844, when it 
snowed 4 ins. in one day. There are ten nights of frost upon an average, giving 
31 mean degrees of frost. The greatest number, 58, were in 1843, and the least 
number, 8, were in 1848. 

Hail fell once in this month in 1850, and once in 1852. 

Junu.— Length of day in the middle of the month is 15 hours 20 minutes. Mean 
of greatest heat by day é °-99, of greatest cold by night 46°°63 ; difference, or solar 
Variation, 33°36... _ 
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Mean temperature of the month 58°29; difference in the mean lanar variation 
7°4. The warmest year was 1847, when the wind prevailed from the east to south; 
and the coldest year was 1851, when the wind prevailed from north to east. 

The barometer ranges on a mean from 30:0871 to 29°2600 ins.—difference °8271; 
but the full range extends to 1:063 in ten years. Mean height for the month is 
29°6739 ins. 

The prevailing winds are the class from south to west; the average of ¢en years 
being north to east 7°5, east to south 5°4, south to west 9°4, west to north 7°7. 

The mean rain is 2°1539 ins., falling on en average on 4°5 nights and 9°4 days, or 
a total of 14 days through the month. 

No snow falls in this month, and there are upon an average 3°8 nights of frost, 
but only occasionally, causing the thermometer on the house to fall below 32°, and 
giving a mean of 2°15 of frost. 

Hail fell once in this month in 1844, and once in 1848. 

Juty.— Length of the middle day about 15 hours. Mean highest temperature by 
day 77°°80, mean lowest by night 54°92. Solar variation 22°88. 

Mean temperature of the month 65°94; difference in the mean lunar variation 
6°:8. The warmest year was 1849, when the wind prevailed from the south to west; 
and the coldest year 1851, when the wind prevailed from south to west. 

The barometer ranges on a mean from 30°0662 to 29°3094 ins.—difference °7568 ; 
but the full range extends to 1-162 in ten years. Mean height for the month 
29°7104 ins. 

The prevailing winds are the class south to west; the average of ten years being 
north to east 5°9, east to south 5°2, south to west 14, west to north 5°9. 

The mean rain is 3°0210 ins., falling on an average of 5 nights and 9°6 days, or 
@ total of 15 days through the month. 

No snow falis in this month, and on an average there are ‘5 nights of frost, bat 
not causing the thermometer on the house to fall below 32°. 

Hail fell once in this month in 1844. 

Aveust.—Length of the middle day about 13 hours 50 minutes. Mean highest 
temperature by day 76°°34, mean lowest by night 55°39. Solar influence 20°95. 

Mean temperature of the month 65°85; difference in the mean lunar variation 
5°-1. The hottest year was 1843, when the wind prevailed from the S.W.; and the 
coldest year 1850, when the wind prevailed from north to east and south to east for 
half the month. 

The barometer ranges on a mean from 30°1206 to 29°3872 ins.—-difference ‘7 334 ; 
but the full range extends to 1°096 in ten years. Mean height for the month is 
29°7699 ins. 

The prevailing winds are the class from south to west ; the average of ten years 
being north to east 6, east to south 6°4, south to west 10°6, west to north 8. 

The mean rain for this month is 4°4299 ins., failing on an average on 4°9 nights 
and 9°2 days, or a total of 14 days through the month. In 1848 it rained 6°328 ins, 
in four successive days. 

No snow falls in this month, and on an average there are 0°5 nights of frost, but 
not causing the thermometer on the house to fall below 32°, 

Hail fell once in this mouth in 1843, and again in 1851. 

SepTemBER.—The length of the middle day is about 12 hours 20 minutes. The 
heat on a mean rises to 65°°64 and falls to 46°59, making a solar variation of 19°-05. 

Mean temperature of the month 56°09; difference in the mean lunar variation 
7°°3. The hottest year was 1846, when the wind prevailed from south to west !7 
days; and the coldest year was 1843, when the wind prevailed from west to north 
for 13 daye. 

The mean temperature of nights in this month correspond very nearly to those of 
the month of June, but the days average 4°°5 colder. 

The barometer ranges on a mean from 30°1617 to 29:1381 ins.—difference 1°0236; 
but the full range extends to 1°530 in ten years. Mean height fur the month is 
29°7671 ins. 

The prevailing winds are from south to north; the average of ten years being 
north to east 5°4, east to south 4°9, south to west 10, west to north 9°7. 

The mean rain for this month is 3°0048 ins., falling on an average on 3°8 nights 

ad 8°6 days, or a total of 12°4 throughout the month. On the Sth September 1850 
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it rained 3°955 ins. in 24 hours, causing a great freshet in the rivers, which did 
much damage by carrying away several bridges. 

A little snow fell once in this month in 1851, and on an average there are five 
nights of frost, giving 3°°9 mean of frost. 

Hail fell once in this month in 1846, 1851, and 1852. 

Ocroser.—The middle day in this month has the sun for 10 hours 48 minutes, 
The mean of greatest heat by day is 53°°882, and of greatest cold by night 38°-526 ; 
the solar variation 15°356. 

Mean temperature for the month 46°34 ; difference in the mean lunar variation 
4°°4, The hottest year was 1851, when the wind prevailed from south to west 15 
days; and the coldest year was 1847, when the wind prevailed from the north to 
west 11 days, and south to west 12 days. 

The barometer ranges on a mean from 30°3173 ins. to 29°0121 ins.—difference 
1°3052 in.; but the full range extends to 1°924 in. in ten years. Mean height for 
the month 29°7657 ins. 

The prevailing winds are from south to north; the average of ten years being 
north to east 5°3, east to south 5°7, south to west 10°2, west to north 9°8 days. 

The mean rain for this month is 5°7760 ins., falling on an average on 5°8 nights 
and 9°7 days, or a total of 15°5 throughout the month. In 1843 it rained 10°58 ins. 
on 20 days during this month. 

Sometimes as much as 3 ins. of snow fall during two or three days in this month, 
but it does not remain long on the ground. On an average there are 10°4 nights of 
frost, giving 35°°3 of frost. 

Hail fell once in this month in 1844, 1846, 1848, 1849, 185! and 1852. 

Novemsrr.—The length of the middle day is 9 hours 26 minutes, or half an hour 
longer than in London. . The average temperature rises to 42°°25, and falls to 30°35, 
making a solar variation of 11790. 

Mean temperature of the month 36°:27; difference in the mean lunar variation 
10°-5. The hottest year was 1849, when the wind prevailed from west to north 
15 days; and the coldest year was 1843, when the wind prevailed for 13 days from 
west to north, and 12 days from north to east and east to south. The mean tem- 
perature of this month corresponds with April, but the days are 4° colder, and the 
nights about 3° warmer. 

The barometer ranges on a mean from 30°2686 to 28°8229 ins.—difference 
1°4457; but the full range extends to 2°032 ina, in ten years. Mean height for the 
month is 29°6873 ins. 

The prevailing winds are westwardly; the average of ten years being north to 
east 3°9, east to south 4°6, south to west 10°3, west to north 11°23. 

The mean rain for this month is 4°7456 ins., falliug on an average on 4°7 nights 
aod 11°2 days, or a total of 15°9 throughout the month. Snow falls generally on 
six days, averaging 94 ins. in depth. The greatest storm was 16 ins. in one day in 
1852, but it did not remain on the ground. It hailed once in 1850. On an average 
there are 20°8 nights of frost, giving 127°°5 of frost. 

Decemser.—the length of the middle day is 8 hours 40 minutes. The average 
temperature rises to 29°°876, and falls to 18°°656, making a solar variation of 
11°22. Mean temperature for the month 24°21; difference in the mean lunar 
variation 11°°8. The hottest year was 1847, when the wind prevailed from the 
south to west 12 days; and the coldest year was 185], when the wind prevailed 13 
days from west to north. 

The barometer ranges on a mean from 30°3433 to 28°7499 ins., being a difference 
of 1°4457; but the full range extends to 2:081 ins. in ten vears. The greatest de- 
pression, 28°410, occurred in thie month in 1848. Mean height for the month is 
29°6885 ins. 

The prevailing winds are westwardly. The average for ten years is north to east 
3°7, east to south 4, south to west 10°8, west to north 12°5. : 

The mean rain for this month is 4°8796 ine., falling on an average of 5°4 nights 
and 12°2 days, or a total of 17°6 throughout the month. 

Snow falls generally on 13 days, averaging 2 ft. 2}ins. The greatest storm was 
in 1846, when 18 ins. fell in 12 hours. It generally hails once or twice during this 
month. On an average there are 28 nights of frost, giving ¢28°°7 of frost. 
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. ~~ \ieans for Ten Years, at the Albion Mines, Nova Scotia, 
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Climate of the Albion Mines, Nova Scotia, North America, compat 
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\merica. Latitude 45° 34’ 30” North; Longitude 62° 42’ West from Greenwich. 
i feet from the ground. 
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Albion Mines, Nova Scotia. 
Daily Mean Températare for 11 years. 


April. | May. 


67°41 | 64°18 
67°73 | 61°59 
68°96 | 59°91 
65°23 | 63°45 
66-04 | 61°86 
67°41 | 57°04 
68°73 | 55°45 
66°00 | 57°64 
67°54 | 57°38 
64°77 | 50°31 
67:09 | 54°76 
66°41 | 54°50 
62°00 | 54°18 
64°82 | 53°00 
64°04 | 53°27 
64°22 | 56°00 
62°04 | 55°00 
61:36 | 59°41 
62°77 | 54°86 
"63°91 | 52°36 
62°36 | 52°45 
63°86 | 50°18 
62°59 | 49°04 
62°82 | 51:09 
63°41 | 49°4) 
63°50 | 51°32 
64°41 | 61°68 
63:86 
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37°S78 | 48°58 [ssn 65°19 | 86°053 | 46°283 


On some Simultaneous Observations of Rain-fall at Different Points on the 
some Mountain Range. By W. J. Macquorn Rawkine, C.B., F.RS. 
bE. 


The observations referred to were made daily and simultaneously, for a period ot 
151 days, at two points, distant 2; miles from each other, and differing by about 
200 feet in elevation, on the north-west slope of the Pentland Hills, near Edinburgh. 
The lower gauge, designated as H, was 700 feet above the sea, and 34 miles from 
the chain of summits of the hills ; the higher gauge, designated as G, 900 feet above 
the sea, and 14 mile from the chain of summits. The total rain-fall at G during the 
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period of observation exceeded that at H in the ratio of 1} to 1. For short periods 
of rainy weather, of from two to eleven days, the ratio deviated from this average 
value in a somewhat irregular manner, showing, however, a tendency to increase on 
the approach of winter; for periods of a calendar month the deviations from the 
mean ratio were much smaller. To throw some light on the question, whether the 
greater depth of rain-fall at G, as compared with H, was chiefly owing to the higher 
elevation of the ground, or to the greater proximity to the summits of the bills, the 
depth of rain-fall at these points was compared with the depth as published by Mr. 
Beardmore, at the Glencorse Reservoir, on the south-east side of the range, at a 
point designated by F, only 30 feet higher than H, but almost surrounded by the 
highest summits of the chain. Notwithstanding the lower level of F as compared 
with G, the rain-fall at F was somewhat the greater; a fact which seems to indicate 
that the vicinity of high summits has a greater influence than mere elevation. The 
gaugings of the flow of the streams by Mr. Beardmore near F, and by the author 
near G, show that the rain-fall nearer the summits than these points must have 
been greater still. The rain-fall at H exceeded that at a point in the immediate 
vicinity of Edinburgh, 230 feet above the sea, in the ratio of 1 to 1°26, 


On Aurore Boreales observed at St. Ives. By J. Kina Watts. 


INSTRUMENTS. 


On an easy Method of making thin Glass Cells for mounting Microscopic 
Objects in Fluid. By C. Brooks, M.A., F.R.S. 


The durability of thin glass cells, compared with cells consisting of a ring of 
cement or varnish laid on the slide by a brush, is well known to microscopists ; but 
they have been hitherto somewhat difficult of construction, and therefore expensive. 
The proposed mode of making them consists in clamping the piece of thin glass 
between two pieces of guo-metal, having each a cylindrical hole, but one of the 
holes being 0°04 or 0°05 inch larger in diameter than the other. The pieces are 
clamped by two screws, the holes being kept concentric by two steadying-pins. One 
of the opposed surfaces is ground very flat, and the other has a narrow raised rim, 
about 0°1 inch wide, covered with very thin leather surrounding the hole, to ensure 
a firm and uniform pressure round the intended aperture. After scratching round 
both sides of the glass revealed by the holes with a writing diamond, the circular 
piece may be pushed out without any risk of cracking the remainder of the glass. 


On Photographic Drawings of Meteorological Instruments adopted by the 
Council of the British Meteorolngical Society. By Joun Lez, LL.D., 
RS. 


These accurate photographs, taken by Mrs. Glaisher, were of the standard baro- 
meters, thermometers wet and dry bulb, and other meteorological instruments, with 
their stands and arrangements, as used and recommended by the British Meteorolo-: 
gical Society. The Standard Barometers are those made by Mr. Barrow, of Oxendon 
Street, London, and the several thermometers and their stands by Messrs. Negretti 
and Zambra, as is also the rain-gauge constructed by Mr. Giaisher. 


On a Method of Manufacturing Cylindrical Lenses. By Prof. Sturm. 


The stages through which the science of optics has passed since Euler’s discovery, 
nearly 100 years ago, of the principles of achromatism, have not proved the infalli- 
bility of the system of the spherical lenses for optical purposes. I now, however, call 
attention to cylindrical lenses ground by machinery, invented by myself, which is 
done with euch perfection that I humbly hope they may be the means of opening a 
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new field to science. In the first place, that the cylindrical principle, in general, is 
superior to the spherical, will appear from the circumstance, that a perfectly cylindrical 
lens is free from the defects of spterical aberration, and that the opposite rectangular 
planes combine in forming ellipses in their intersections, and consequently show a 
greater precision, distinctness and luminousness, and Jess contraction of dimensions ; 
they therefore admit of enlarged visual angles. The cylindrical system, moreover, 
renders it practicable to form curves of all kinds, for instance, paraboles, hy 
ellipses, &c., which is impracticable in the spherical system. In the second place, 
the aforementioned machine is so constructed that every lens, even for spectacles, 
appears centred, since the cross lines of the two planes pass through the middle, 
whilst the centralization of spherical object-lenses is, as known, very difficult and 
imperfect. This defect arises both in the best spherical and cylindrical lenses from 
their being hitherto ground by hand; the imperfection becoming more evident in 
the latter than the grossest defects in the former; and this doubtless is the reason 
why science has not bestowed more attention on cylindrical lenses. No one would 
expect the formation of a perfectly circular cone without the instrumentality of a 
turning lathe; and, in like manner, what the turning lathe is to this or other articles 
to be finely rounded, the machine I wish to introduce is for optical lenses; hence, too, 
the advantage of the perfectness of its productions, and also the rapidity of the 
manufacturing process. In the third place, in order to prove the better preservation 
of the eyes by the use of cylindrical lenses than by the spherical, it is only necessary 
to observe that two cylindrical planes, intersecting each other at right angles, have 
the effect of neutralizing the defect of spherical aberration; whilst two parallel 
spherical planes produce the effect of doubling the imperfection: moreover, we need 
only to advert to the structure of the eye in man and other animals, which is not 
spherical, nor achromatic, and is nevertheless free from the defect of aberration :—it 
is, rather, the elliptic shape, which in creation appears to predominate, as for in- 
stance, in the planetary orbits, in magnetic currents, &c. And, since the effect of a 
cylindric lens approaches that of an ellipse, and since, moreover, an optically diseased 
eye shows a still greater departure from the spherical form, it is equally apparent 
that a perfect cylindric lens is the best adapted, as the passage of the rays not only 
takes place in and about the centre, but on every point of the surface, thus effecting 
an equable and perfectly regular distribution of light on all points. 


On Natural Occurrences that impair the Vision of good Telescopes. 
By Corne ius VARLey. 


The author remarks, that everything moving on the earth causes vibrations; the 
result is tremors, too fine to be known till high magnifying proves their existence, and 
the very best braced stands convey them to the telescope. He stated a fact :—On 
placing his ear close to the ground on Bromley Common, he heard, first a heavy 
waggon about a mile off ; second, a one-horse cart; third, a stage coach in Bromley two 
miles off: their differing distances and approach were indicated. These he afterwards 
met in reverse order from their differing speed. This proved tremors in the earth 
which would affect high powers, and from the number of greater causes than these he 
inferred the earth’s surface to be rarely or never free from such. He showed two 
means of insulation so as to avoid them :—First, cushions of wool or thick india 
rabber under three feet. Second, supporting the telescope by pulley blocks (which 
has been done for Newtonians with success), such blocks and ropes being quite in- 
capable of receiving or transmitting vibrations or tremors, and being therefore the 
most perfect insulators. The high northern support of polar axes receives tremors 
from the earth and enlarges them upwards, but heavy top bars leaning against them 
might be made real discords or dampers. Sounds of all sorts, percussions, winds, the 
sea roaring, all cause vibrations that act on the materials of both telescope and stand, 
and impair their performance. All these cause the most rapid alternations from dense 
to rare in the atmosphere, which, added to the ever-varying density of the air from 
vapour, temperature, pressure, and currents, so disturb the passage of light, as to 
make the stars twinkle into a much larger diameter than they are known to possess. 
This twinkling affects all features that are equally small, and would ultimately limit 
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the definition of high powers, if we did not remove as much as possible above all 
such interferences as fogs, sounds and the like. From his own observations at the 
height of 600 feet, the fogs began rapidly to disappear, and to afford much clearer 
vision through the atmosphere. 


NAVIGATION. 


On the Loss of the ‘ Tayleur, and the Changes in the Action of Compasses 
tn Iron Ships. By the Rev. W. Scoressy, D.D., F.R.S. Se. : 


There were perhaps few subjects, he said, of more practical consideration and 

importance than the one which he had the honour of submitting to the Section on 
that occasion; and if of more importance and consideration in one place than 
another, he might say the port of Liverpool ought to stand pre-eminent in respect 
of the consideration due to compass guidance in iron ships. 
' The importance of determining not merely the principles which occasion the 
original development of the magnetic condition in iron ships, but also of determining 
the principles upon which changes in that development would take place, was, of 
course, proportionate to the extent to which iron was employed in the construction of 
vessels navigating the ocean; and so great had been the increase in the adoption of 
iron as a material for ship-building, that in many ports where they were accustomed 
to build a large number of vessels, it would be found that nine-tenths of the vessels 
building were entirely vessels of iron. He did not know but that pre-eminence of pro- 
portion might exist here ; but, at all events, the application of iron as a material for 
the construction of ships was rapidly increasing. There were certain principles con- 
nected with the navigation of iron ships which were universally admitted. Those 
principles were, that iron, being more especially disposed to the magnetic condition, 
was a material, of course, calculated above all others to disturb the action of the 
compass on board the ship. Again, it was also admitted, that there were difficulties 
in the navigation of iron ships, arising not merely out of the original or primary, 
magnetic condition and disturbing influence of the iron, but also in respect of certain 
changes which had been held as mysterious—changes which took place not unfre- 
quently in regard to ships whose magnetic condition had been supposed to be very 
well ascertained. It would be the leading objects of the communication he was 
about to make, to endeavour to develope the principles on which the peculiar mag- 
netic condition of iron ships was distributed, and to ehow the principles and cir- 
cumstances under which changes must necessarily take place. The melancholy case 
of the ‘ Tayleur’ afforded an example of the most impressive kind to connect with 
the general bearing of this important subject. As many of the Section might not 
be aware of the circumstances connected with the wreck, he would sketch, very 
hastily, a few points necessary to carry on the subject. 

The ship ‘ Tayleur,’ a new vessel, bound to Australia, sailed from Liverpool on 
Thursday the 19th of January of the present year. She was 1979 tons burthen, 
hew measurement, and she had on board about 458 passengers,—the crew and pas- 
eengers altogether making a total of 528 persons. She left the Mersey about noon on 
the Thursday to which he had referred. The pilot left her hetween seven and eight 
o'clock in the evening in a position between Point Lynas and the Skerries.—([The 
Rev. Doctor here referred to a map, which he said had been kindly afforded him for 
the occasion by Mr. Towson, and which illustrated the positions he referred to in 
the course of his paper.]—On Friday she encountered very heavy weather; and 
about eight o’clock on the following (Saturday) morning it was for the first time 
ascertained that there was a material difference between the compasses. There 
were three compasses on board; but he would only refer to two of them. One of 
the two was near the helmsman, and was the one by which he steered; and the 
other was near the mizenmast. Both of these compasses had been, what is called, 
adjusted by permanent magnets; so that if the principle of adjustment had been 
correct, they should not either have changed or differed from each other. Trusting 
to the compass near the helmsman, the captain had the idea firmly impressed upon 
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his mind that he was sailing fairly down, almost mid-channel; at all events, in.a 
good position for navigating the Irish Channel. The other compass indicated a 
difference of about two points. The captain, however, judging from certain indi- 
cations which he had noticed previously, assumed that the wheel compass was the 
correct one. In the course of a few hours—about half-past eleven o’clock on the 
same morning—the wind having increased, and a heavy sea setting up the Channel, 
the ship made rather a rapid progress, when they came suddenly in sight of land on 
the lee beam, in such a position that there was necessarily a great difficulty,—in 
this case (according to the measures pursued) an insurmountable difficulty—in 
avoiding the land. An attempt was made to wear the ship round. This failed, and 
then an attempt was made to use the anchors to bring her up. Both the cables 
snepped on the occasion, and the ship was then left helpless, driving broadside upon 
the rocks of Lambay Island. The result was the fearful catastrophe with which 
most persons were acquainted; namely, the loss of about 290 lives. Out of 100 
females who were in the ship only three escaped upon that melancholy occasion. 
Investigation into the cause of the accident was naturally suggested, and the Board 
of Trade instituted inquiries in two departments; one by means of Capt. Walker, 
of the Navy, the other by means of the Marine Board of Liverpool, of which Mr. 
Towson was the Secretary. Capt. Walker, in his Report, ascribed the loss of the 
‘Tayleur’ to the captain’s supposition that the compass by the helm was correct. 
The Local Marine Board came to a conclusion which he would notice by an extract 
from their Report. After stating that Capt. Noble had given very great attention 
to the ascertaining of the correctness of his compasses and verifying their action cn 
different occasions, they proceeded in their Report to say that ‘‘ notwithstanding 
these precautions, it appears to this Board that the ‘Tayleur’ was brought into the 
dangerous position in which the wreck took place through the deviation of the com- 

asses, the cause of which they (the Marine Board) had been unable to determine.” 

e Board called particular attention to the fact, ‘that numerous instances had 
been brought under their consideration of compasses having proved greatly in error 
on board both wooden and iron ships in the navigating of the Irish Channel, which 
deviation, it continued, was not accounted for by any theory hitherto propounded.” 

Dr. Scoresby proposed to show that there were principles which not only 
reasonably, but, he would say, demonstrably established the leading principles on 
which not only the original development of the magnetism of iron ships was di 
tributed, but likewise the circumstances under which changes in that development 
must necessarily take place. This subject was brought by him before the Meeting 
of the British Association at Oxford, in 1847, when he read a paper, showing 
experimentally and illustratively that the adjustment of the compasses of ships by 
fixed and permanent magnets was not only delusive, but calculated to become the 
occasion of serious danger. And if the opinions given by Capt. Walker and the 
Liverpool Marine Board were true—if there was a relation between this catastrophe 
and the misguidance of the compasses—then it would be easy to show that had the 
compasses not been corrected or adjusted by means of permanent magnets, the 
captain of the ‘ Tayleur’ would have been abundantly warned, and therefore in a far 
better position for securing the safety of the ship. 

It was a matter well known, not merely that iron became magnetic by virtue of 
the inductive influence of the earth, but, as he had elicited and explained the fact so 
long ago as the year 1820, in communications to the Royal Society of Edinburgh, 
that the magnetism so developed could be augmented, controled, or destroyed by 
mechanical action, Proceeding on these principles, he had shown in his com- 
munication at the Meeting of the British Association in 1847, the necessary 
instability of the magnetic distribution in ships built of iron; and thence inferred 
that the plan of correcting, or adjusting, the compasses on board such ships by the 
gntagonistic action of steel magnets, must be delusive and might be extremely dan- 
gerous. 

In the case now more particularly referred to, that of the ‘Tayleur,’ where the 
compasses were adjusted by fixed magnets, the result (according to the Reports pub- 
lished by the Board of Trade) was just in accordance with the views he had thus 
stated at Oxford—the ship’s magnetism did obviously change, and the permanent 
magnets seriously augmented the new errors produced on the compasses. And 
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though in this instance the direction of operation of the adjusting magnets was but 
incidental, the effect, so far as the authorized reports may guide us, was fatal ;—so 
that had there been so adjusting magaets the captain would have been guarded 
against the delusion that he was making a fair course down the Channel, and would 
have been in a very different position as to safety. 

The magnetic condition of iron ships and the circumstances under which the chief 
intensity of their magnetic action was developed, could be well illustrated by a few 
experiments with an iron bar—as first, showing the simple effects of the earth’s 
induction, and secondly, the augmenting or changing influence of mechanical 
violence. Thus, an iron bar, entirely neutral as to its molecular magnetism, as 
shown by its being devoid of influence when placed horizontally, in an east and west 
line, near a compass, became strongly magnetic when placed upright, or proximately 
so. But its polarity was reversed by turning it with the contrary end downwards, 
and it again became neutral when laid on the horizontal east and west line. If the 
same bar, however, while held in an upright position, or inclined in the axial 
direction of the earth’s magnetism, were subjected to percussion or other mechanical 
violence, not only did its magnetism become much more powerful than that of simple 
induction, but it strongly exhibited its augmented polarity, when placed in the east 
and west equatorial position, and, however it might be moved about and swung 
round, its polarity remained the same. 

Having proved these two propositions by experiment, Dr. Scoresby went on to 
apply them to the case of iron ships, and to point out that, in consequence of the 
percussive action to which the material was exposed while the ships were in course 
of construction, it became as intensely magnetic as it was possible for malleable iron 
to be. This augmented magnetism, however, was not permanent or fixed, but, 
under different circumstances, as to the relative directions of the ship’s magnetism 
and that of the earth, was easily changeable, and liable necessarily to be changed. 
The magaetisin developed by mechanical violence could be readily neutralized: or 
changed, under a proper change of conditions, by other processes of mechanical 
violence. Thus, if the bar of iron magnetized by hammering were held in the reverse 
direction from that in which the magnetiam had been developed, and again ham- 
mered, the polarity would not only be altered, but reversed. Again, after well 
hammering the bar in a vertical position, let it be quietly reversed, the lower end, 
or north pole, as hammered, now being upwards, and let one of its extremities be 
then presented to a delicate compass ; the deviating influence in this case would be 
but small, perhaps a few degrees only, from the influence of the earth’s magnetism 
being now opposed to the augmented magnetism of the bar. If, while held in this 
position, a single blow were struck on the bar with a hammer, the needle would be 
seen to fly round as if by magic, and settle at a point of deviation perbaps four or 
six times aa great as before. 

The result of another experiment which he was in the habit of showing with 
elongated plates of iron, to elucidate the phenomena of mechanical vibrations or 
violence, was still more remarkable. Here he should employ a couple of thin iron 
plates laid flat on each other,—and it would be seen, when their condition was 
neutral, that, though held close to the compass, horizontally east and west, there 
was no action whatever on the needle. But after holding the plates upright and 
bending them, however slightly, or striking them with the hand, or merely giving 
them a vibratory shake, and then presenting them as before to the compass, the 
iron was found to have become very strongly magnetic, the end which was 
downward repelling the north pole of the needle. Reversing the position of 
the plates, while held upright, let the vibratory action be repeated, and the 
end formerly repelling will now be found to attract the north pole. Repeating the 
vibratory action, while the plates were held horizontally in an east and west line, 
the magnetism would be found, on bringing the plates to the test, to have disap- 
peared, all action on the compass having gone. 

To meet objections which might be probably offered against the application of his 
experiments on thin plates and small bars to the case of iron ships, he had made 
experiments on rolled iron plates, of the same kind as those of which ships were 
generally built ; and had ascertained that the magnetism in these also was change- 
able and controlable like that in bar iron, under the requisite change of position, by 
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vibratory or percussive action. He had also made experiments on a portion of a 
plate cut out of the side of a ship recently built, with effects exactly similar. The 
general results of his experiments went to the establishing of the fact, that, besides 
the two denominations of magnetism ordinarily received, that of simple terrestrial 
induction and that of permanent independent magnetism, there was another deno- 
mination corresponding with neither; not being absolutely controlable, like the 
former, by terrestrial influences, nor capable, like the latter, of resisting all kinds 
and modes of mechanical violence. To this third denomination he had given the 
name of Retentive Magnetism. 

Dr. Scoresby then exhibited experiments with three sets of plates, two of iron and 
one of steel, for the illustrating of these several qualities of magnetism :—1. That of 
simple terrestrial induction by iron plates free from polarity, which became meg- 
netic or changed their magnetism according to the position in which they were held. 
2. Retentive magnetism, as illustrated by similar plates, which had been previously 
magnetized by bending and blows,—such magnetism appearing as if permanent 
when the plates were moved about, without being vibrated or bent. And 3rdly. 
Permacent magnetism, as illustrated by an elastic steel plate, which, however 
violently it was bent or struck or vibrated, or in whatever position, still preserved 
its magnetism unaltered. Now this retentive magnetism was the quality which had 
been prevalently considered as permanent; which, he was prepared to show, both 
by experiments on iron and facts of experience, was by no means a fixed quality. 
On the contrary, the long continued vibration of a ship under steam, and much more 
so the straining of a ship in a heavy sea, under the circumstance when the terrestrial 
induction might be acting in a very different direction from the original axial polari- 
ties of the ship, would be sufficient to change the direction of the magnetism ori- 
ginally developed in the course of her construction. Hence much would depend, 
in respect of the mechanical action of the sea, on the position in which the ship had 
been built, or on the direction of her polar axis prior to such mechanical action. 

In the case of the ‘Tayleur,’ when he first heard of the catastrophe, and had read 
the evidence, he had stated to some friends at Torquay, that he would venture to 
predict that she had been built with her head easterly or north-easterly. He had 
found, on inquiry, she had been built with her head north-east. Here, then, were the 
precise circumstances fur expecting a change in the ship’s magnetic distribution. 
Having been built with her head to the north-east, she had a certain magnetic 
distribution accordingly, and when she began to strain, with her head westerly, 
that distribution was necessarily changed, and the first effect of it had been to 
produce a great difference in the two compasses adjusted by fixed magnets. If the 
captain had been aware of the changes which might, and most probably would, take 
place when the ship began to strain in a different position from that in which she 
had been built; if he had known that the compasses, having so large an original 
deviation as 60°, might vary as much as two, or three, or even four points, he would 
have known, of course, that he must place no reliance upon them. Itdid not follow, 
however, that compasses were of no use, because, under certain circumstances, they 
were liable to change. They should be, and were, of great use for all that. But 
what he wished to impress upon them was, that by attempting to adjust a change- 
able influence by a permanent influence, they were liable to produce an aggravation 
of error. It was most important, therefore, for safety in navigating these vessels, 
that captains should be made aware of the liability of the compasses to change and 
so to mislead them; that they should know the circumstances under which, ia 
accordance with natural laws regulating and applying the earth’s inductive 
action, changes were most likely to occur; that they should be always watchfal of 
opportunities for determining the true magnetic direction with reference to their 
compasses, by observations of the sun and stars; and that by providing a place for 
a standard compass uloft (on the plan he, Dr. Scoresby, had suggested and adopted 
in 1820), as far from the deviating influence of the body of the ship as possible, they 
might have guidance sufficient, with some small allowances, for steering a correct 
magnetic course. And with the precautions and means such as might thas be 
applied, be, Dr. Scoresby, did not doubt but that the difficulties, in respect of com- 
pass guidance, in the navigation of iron ships, might be mainly and practically overs 
come, 
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The general experimental results and the principles sought to be elucidated, 
were iustrated by a variety of references to actual cases of compass changes in 
iron ships. 


An Inquiry into the Principles and Measures on which Safety in the 
Navigation of Iron Ships may be reasonably looked for. By the Rev. 
W. Scornessy, D.D., F.R.S., Corr. Memb. Institute of France, &c. 


This paper, interspersed with numerous illustrat've allusions, was in substance as 
follows :—His time, Dr. Scoresby remarked, was so limited in his paper on the loss 
of the ‘ Tavlear,’ that he was obliged to leave off in the most critical position. He had 
pointed out the disease, but was obliged to hasten to a conclusion with scarcely a 
word of consolation, or being able to offer any remedial advice. The result was, 
that a gallant officer then present said to him, ‘‘ Why, you have upset all our plans; 
you have told us compasses cannot be trusted. How are our iron ships to be navi- 
gated? Show us the remedy!*’ Though he, Dr. Scoresby, did not admit the 
responsibility to give a remedy, it would be his object to endeavour to point out the 
leading circumstances under which we may expect a fair measure of accuracy in 
compass guidance, and the circumstances to be watched against most eminently 
calculated to produce compass changes. But before entering on these points, he 
felt it important to revert, briefly, to the leading principles developed in his long-made 
investigations on the magnetism in iron, with reference to the compass action and its 
changes in iron ships. And this he was the more encouraged to do, because of the 
great change which had takea place in his position, as the suggester and promoter of 
certain scientific phenomena in this department, since his first paper on the subject 
was read to the British Association at Oxford in 1847. 

It is now most gratifying to find, from the paper of Mr. Archibald Smith, a gen- 
tleman eminent as a mathematician, and having all the records of Her Majesty’s 
ships, as to compasses, at command, that every essential principle, for which he had 
contended, as to the principles which affect the development and changes in the 
magnetism of iron ships, is admitted and supported. These principles, so supported 
by Mr. Smith, might (so far as he correctly understood his paper) be thus enu- 
merated :— 

1. That the magnetism of iron ships in its action on the compass, may be repre- 
sented by a vertical and a horizontal iron or magnetic bar swinging round a compass ; 
a mode of illustration which he, Dr. Scoresby, had adopted some years ago, and used 
in lectures, as well as in his publication of ‘ Magnetical Investigations,’ of 1852. 

2. That changes in the magnetic distribution and compass action in iron ships, 
which he had predicted, do take place. 

3. That the changes which take place in a ship's magnetism by changes of mag- 
netic latitude, lag behind the due influence, theoretically assumed, of terrestrial 
induction,—a fact inferred from the Admiralty observations which his, Dr. Scoresby’s 
experiments, satisfactorily elucidated as a necessary consequence of the resistance in 
iron to change in regard to the denomination of retentive magnetism. 

4. That there are influences in a ship, derived from the varieties of form and posi- 
tion (relatively to the compass) of particular masses of iron, which may act as 
natural correctives. 

5. That the plan of correcting the deviation of iron ships by fixed magneis (unless 
in particular places or limited voyages) is unsafe, and in going to southern regions 
aggravates the error. 

- 6. That the twisting or straining of the iron materials of a ship will tend, especially 
in ships recently launched, to alter the magnetic action on the compass. 

7. That it requires time to effect the entire changes in a ship’s magnetic distribution, 
which ultimately may, in regions distant from the place of building, be effected. 

- Hence, it may be added, all these particulars embodied and expressed in Dr. 
Scoresby’s investigations, and now admitted and confirmed (as he has understood 
the paper) by Mr. Smith, leaves nothing of real objection to his (Dr. Scoresby’s) 
results. And the whole of the results plainly go, he believes, to the establishment 
of a proposition, of the accuracy of which he has long endeavoured to convince those 
interested in the navigation of iron ships, that the magnetism of such ships is, in ali 
its qualities, changeable; the most enduring, or apparently fixed, being of a descrip- 
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tion, changeable under severe straining and mechanical violence, which he has 
denominated refentive magnetism. 

Only one particular, that he is aware of, in Mr. Smith’s exposition, remains at all 
inaccordant with his (Dr. Scoresby’s) conclusions ; and that is the retaining, in the 
case of two iron ships which have been swung at the Cape, of the deviation in its 
ortginal direction. But this fact in so limited an experience can prove little; and 
even that to which it seems to point,—the existence of an apparent quality of per- 
manent magnetism, admits, he believes, of a simple (probable) explanaticn, namely, 
that the intense development of retentive magnetism in some heavy masses of 
upright iron, such as the stern-post, &c., had not encountered sufficient mechanical 
violence to invert or obliterate their original polarity. 

The circumstances under which the greatest magnetic and compass changes 
might be expected were then noticed. 1. In new ships first encountering heavy 
straining or rolling by the sea. Illustrated case, the ‘Tayleur.’ 2. In ships gene- 
rally when first put on a voyage to a very different region. 3. In ships long running 
on one course and then suddenly changing their direction. Cases of the ‘ Ripon,’ 
passing Cape Finisterre, other ships passing Cape Bon, and numerous ships rounding 
the Cape of Good Hope—probably the ‘ Birkenhead.’ 4. In ships proceeding into 
the southern hemisphere. Cases numerous. 5. Stroke of the sea. Case of the 
‘Ottawa.’ 6. Stroke of lightning. Case of the ‘Bold Buccleugh.’ 

On the other hand, no large changes may be expected under these circumstances : 
—1. In iron ships long in use, and ordinarily pursuing the same voyage within the 
temperate zone of the northern hemisphere; because the extreme original deviation, 
as occasioned by the oblique position of the ship’s magnetic polar axis, gets shaken 
down into a medium or normal position, out of which it is less liable to be disturbed. 
2. Hence in ships trading in our home channels or about our own coasts, or cross- 
ing the Atlantic in parallels not very much lower, the liability to new or un 
changes greatly diminishes. In such cases an intelligent captain observing the 

es of deviation in all his progress, outward and homeward, and noting 
the particular allowances and corrections, will generally be able to run by compass 
course with considerable confidence. 

The suggestions of the author in the way of remedy were :—1. A compass on a 
pedestal on the quarter or poop deck, in a position of small deviation, and sufficiently 
high for observing over the bulwarks for amplitudes, bearings of distant land, &c. 
2. The avoidance of masses of iron in the immediate vicinity of the steering or 
other compass. 3. A reference compass aloft placed on the mizen mast (or else- 
where), clear of iron chains and iron work, as high as may be requisite for reducing 
the deviation to an unimportant quantity. This was the plan, and the only one 
(happily a practical and simple one) the author believes could ever reach the extent 
of the evil; a plan which he had himself adopted and recommended in a work 
placed before the public (Voyage of Researches and Discoveries in Green!and) in 
the year 1823. 4. Care in selection of compasses to have ample directive force. 
The author’s improvements, unfortunately but slightly adopted, except by the Royel 
Navy, had, since the year 1839 or 1840, frebled the ordinary power of the compass 
needle, and rendered its endurance all but permanent. 5. Captains should sedulously 
avail themselves of opportunities of testing their compasses, and determining the 
deviations on the courses steered, by azimuths and other modes of observation. 6. 
Captains should be specially informed and instructed on the leading principles of 
magnetism influencing the disturbing action of iron ships, and the liability to. 
compass changes. For here, in addition to the ordinary dangers of navigation, is a 
peculiar source of error and misguidance, respecting which it is most important that 
the captain should never be thrown off his guard. 

In the course of his remarks, Dr. Scoresby said that the circumstances under 
which the ‘Tayleur’ had been built, as to the position of her head towards the 
N.E., and the violent straining and rolling she endured soon after putting to sea, 
with her head in a direction nearly opposite, or westerly, would fully account, as he 
believed, on principles be had long maintained and asserted, for the remarkable 
change in that unfortunate ship’s compasses. 
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On the Inefficiency of the Aids of Science at present in connexion with the 
Compasses of Iron Ships. By J. T. Towson, Secretary to the Local 
Marine Board, Liverpool. 

In the name of the merchants and shipowners of Liverpool, he implored the 
attention of the Section to this important subject, in the hope and belief that if the 
members should respond to that appeal, they would be able, before the next Meet~ 
ing, to confer the benefit they sought, not on their account alone, nor in considera- 
tion of the vast amount of property involved, but for the sake of the vast amount of 
human life which was continually being jeopardized and lost. They made their 
request in the belief that the compasses of iron vessels, jf aided by all the appliances 
which science at present afforded, and adjusted and managed by the most talented 
individuals whom owners could engage, were still unworthy of confidence. 

Dr. Scoresby had correctly arranged magnets in three classes,—permanent, re- 
tentive, and inductive. The term “ retentive” ought, in his opinion, to receive the 
sanction of the Section. The Rev. Doctor had relieved him from a great amount of 
difficulty in expressing his opinions on the subject. He did not dissent from any- 
thing that he had said; but he wished to point out what he believed to be another 
source of error in connexion with compasses, deserving their serious consideration. 
He alluded to the change that took place in the inductive magnetism of a ship when 
she heeled over. In 1846, Mr. Walker, the Queen’s Harbour-master at P] mouth, 
obtained the permission of the Admiralty to examine the compasses of the ‘ Recruit 
when heeling; and the result was, that the error from this cause was found to 
amount to nearly one-half the maximum error experienced when on an even beam. 
He believed that many of the errors in compasses on board both wood and iron 
ships, which neither the mariner nor the compass-adjuster could account for, was 
to be attributed to “‘heeling.”” In the only six cases in which he had been able to 
obtain information of the heeling of iron ships, it had been shown that considerable 
errors had arisen from this cause; but these, of course, were not sufficient to esta- 
blish a theory. He thought, however, that the disastrous loss of the ‘Tayleur’ 
might possibly have arisen from this cause. All the tables of deviations of compasses 
of ships that had heeled had the maximum amount of error, arising from heeling, 
when the ship’s head was directed within two or three points of the magnetic poles, 
the same being the point of no-deviation when the ship’s beam was horizontal. In 
all cases, the north pole of the compass had been drawn towards the point to which 
the ship heeled. Besides collateral means adopted for correcting the compass, there 
were two systems in use for that purpose: Capt. Johnson’s system of swinging the 
ship and tabulating the results, which was exclusively employed in the Royal Navy; 
and the Astronomer Royal’s method of compensating the compasses by means of 
taagnets, which was almost exclusively resorted to in this port. The objection to 
Capt. Johnson’s plan was, that the corrections were liable to be employed the wrong 
ray: His experience in the examination of about 2000 masters of merchant vessels 
had convinced him of the soundness of that objection. There was a general 
tendency in practice to come to a wrong conclusion on the subject. ‘The mariner 
knew that westerly deviations indicated that the north end of the needle was drawn 
to the west; and came to the conclusion, that if his compass had a westerly devia- 
tion, it must cause an object bearing north to appear westerly, whereas it would 
Ee pepper easterly ; and he had known the same mistake made on board ships in 
the Royal Navy. The most formidable objection to the Astronomer Royal’s system 
was, that the magnetic poles of the compensating magnets were liable to change or 
lo vary in their intensity. Theoretically, this appeared probable; but he had no 
well-established fact to illustrate it. e change of retentive magnetism, deviation 
from heeling, and the change produced by going to the other hemisphere, were 
defects common to both systems. The greatest evil, which in his opinion was con- 
nected with magnetic compensation, was that it concealed the amount of original 
deviation. He had never met with a captain who could tell him the original 
deviation of his compass if thus corrected. In the case of the ‘ Tayleur,’ the de- 
viation of her steering compass was 60°, of her compass before the mizenmast 40°, 
Was there ever such a case in the Royal Navy? Lieut. Pasco, when appointed to 
the ‘Jackal’ in 1845, was dissatisfied with a deviation of 25°, and obtained per- 
mission of the Admiralty to have the compass replaced, when it was reduced to 18°; 
and no doubt the masters of merchant vessels on this point would be equally 
prudent if they knew what the real amount of original error was. 
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GENERAL Puysics. 


On the Density of various Bodies when subjected to enormous compressing 

Forces. By W. Fartrsairn, C.E., F.R.S. 
' The author briefly explained the apparatus which be made use of, and gave # 
sketch of the results at which he had arrived; but as these were almost entirely 
given in tables, we are unable to detail them without the aid of these, which are too 
voluminous for insertion in full. Among other matters of extreme genera! interest, 
he stated that, besides these commor pressures of 7000 Ibs. to the square inch, and 
11,000 lbs., such as used in Mr. Hopkins’s experiments, he had applied pressures of 
0,000 Ibs. and 90,000 Ibs. to the square inch, or what would be equivalent to the 
weight of a column of water over 33 miles in height. Under this enormous pressare, 
clay and some other substances had acquired all the density, consistency, and hard- 
ness of some of our hardest and densest rocks. 


Nouvelles Expériences sur le Mouvement de la Terre au Moyen du Gyroscope. 
By M. L. Foucautt, Paris. 


' The author spoke in French, but very distinctly, and the apparatus was so simple, 
beautiful, and exquisitely constructed, that the experiments all perfectly succeeded, 
and fully interpreted the author’s meaning as he proceeded. The gyroscope isa 
massive ring of brass connected with a steel axis by a thinner plate of the same 
metal, all turned beautifully smooth, and most accurately centred and balanced; ia 
other words, the axis was made to pass accurately through the centre of gravity, and 
to stand truly perpendicular to the plane of rotation of the entire mass. On this 
axis was a small but stout pinion, which served, when the instrument was placed 
firmly on a small frame, containing a train of stout clock-work, tarned by a handle 
like a jack, to give it an exceedingly rapid rotatory motion on its uxis. But to this 
clock-work frame it could be attached, or detachea from it instantly. This revolving 
mass was only about 3 inches wide, and four of them were mounted in frames a 
little differently. The first was mounted in a ring, attached to a hollow sheath, 
which only permitted the axle and the pinion to appear on the outside, so that it 
could be laid hold of, or grasped firmly in the hand, if the pinion were not touched, 
while the mass inside was rapidly revolving without disturbing that motion. By 
this modification of the gyroscope, the author afforded to the audience a sensible 
proof of the determination with which a revolving mass endeavours to maintain its 
own axis of permanent stable rotation ; for upon setting it into rapid rotatory motion, 
and handing it round the room, each person that held it foand himself forcibly 
resisted in any attempt to turn it round either in his fingers, to the right hand or left, 
or up or down, or in his hands if he swung it round; so that the idea was irre- 
sistibly suggested to the mind, that there was something living within which had a 
will of its own, and which always opposed your will to change its position. The 
second modification presented the mass suspended in a stout ring, which was fur- 
nished with projecting axles, like the ring of the gimbal. These axles could be 
placed in a small frame of wood bushed with brass. This small frame, when placed 
on a piece of smooth board, could be turned freely round by turning the piece of 
board on which it rested as long as the gyroscope was not revolving, friction being 
sufficient to cause the one to turn with the other; but, when the gyroscope was set 
rapidly revolving, in vain you attempted to turn the frame, by turning the board oa 
which it rested, so determinately did it endeavour to maintain its own plane of 
rotation, as quite to overpower the friction. In the third modification of the gyro- 
scope it was suspended in gimbals, so exquisitely constructed that both the gyro- 
scope proper and the supporting gimbals were accurately balanced, so as to rest 
freely when placed in any position in relation to the earth. By this the author 
showed most strikingly the effect of any attempt to communicate revolving motion 
round apy other axis to a mass already revolving, for, on placing the gimbals in a 
frame of wood while the gyroscope was not revolving, it remained quite steady ; bat, 
when thrown into rapid revolving motion, the slightest attempt to turn the frame 
yound to the right or to the left was instantly followed by the entire gyroscope 
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turning round io the gimbals, so as to bring its axis to coincide with the new axis 
you endeavoured to give it, with a life-like precision, and always so as to make its 
own direction of revolution be the same as that of the slightest turn you impart to 
it. Haviog thus demonstrated the necessary effect of combining one rotatory motion 
with another, he then proceeded to demonstrate palpably that the earth’s revolving 
motion affected the gyroscope in precisely a similar way. Having, by the screw 
adjustments, brought the gyroscope, in gimbals, to a very exact balance, it remained 
fixed in any position when not revolving. But, rapid rotatory motion having been 
communicated to the gyroscope mass as soon as the gimbal supports are placed on 
the stand, you see the entire apparatus, slowly at first, but at length more rapidly, 
turn itself round, nor ever settle until the axis, on which the gyroscope is revolving, 
arranges itself parallel to the terrestrial axis, in such a sense as to make the direction 
of the revolving gyroscope to be the same as that of the whole earth. He next showed 
that the determination with which it did this was sufficient to control the entire 
weight of the instrument, though that amounted to several pounds; for, taking the 
ring gyroscope, from the side of the ring of which a small steel wire projected, 
ending in a hook, the wire coincided with the prolongation of the axis of the gyro- 
scope : of course, when not made to revolve, the hook, if placed in a little agate cup 
at the top of a stand, would permit the instrument, by its weight, to fall instantly, 
as soon as the support of the hand was taken from it. But, upon imparting to it 
rapid rotatory motion, it stood up even beyond the horizontal position, so as to 
bring its axis of rotation nearly to the same inclination to the horizon as the axis of 
the earth, while the whole acquired a slow rotatory motion round the point of the 
hook ; and so steady was its equilibrium while moving thus, that a string being 
passed under the hook and both ends brought togetber in the hand, the whole might 
be lifted by the cord off the stand and carried revolving steadily about the room. 
Next, to show the motion of the earth sensibly, he placed the gimbal gyroscope 
suspended freely by a fine silk fibre in a stand with the lower steel point of its sup- 
port resting in an agate cup; a long light pointer projecting from the ring carried 
a pointed card which passed over a graduated card arch of a circle placed concen- 
trically with the gyroscope ; upon imparting rapid rotatory motion to the gyroscope 
the index was seen as the earth moved to point out the relative motion of the plane 
of rotation exactly in the same way; the law of the motion being also the same as 
that of the well-known pendulum experiment. Lastly, he set the ring gyroscope in 
motion, and by placing a small pointed piece of brass at the end of the axle on the 
ring, the instrument went immediately through all the evolutions of a boy’s top on 
the floor, hamming meanwhile loudly also. 


An Account of some Experiments on the Effect of Pressure on the Temperature 
of Fusion of different Substances. By W. Hopkins, M.A., F.R.S. 


Before proceeding to give an account of these experiments, Mr. Hopkins stated 
hia great obligations to Mr. Fairbairn for the promptitude with which, in the first 
instance, he proffered his assistance and cooperation, and the manner in which he 
had since afforded the aid of his great practical knowledge and the ample means 
which his establishment affords for conducting experiments of this nature. He ex- 
pressed also his great obligations to Mr. Joule. He then proceeded to describe the 
apparatus which had been used and the causes of the successive failures, till, by 
degrees, apparatus had been devised and constructed which was likely to prove 
entirely successful for all substances sufficiently fusible to be experimented on. One 
dificalty had been in ascertaining the moment when the substance enclosed, as it 
was, in a metal tube, became fluid, but it had been overcome by the following pro- 
cess. A small portion of the substance was put into a brass tube open at one end, 
and of about a quarter of an inch in diameter, and was then melted. In this state, 
one end of a magnetized needle was inserted in it to the depth of about half an inch, 
after which the substance was left to cool and solidify, the needle thus becoming 
firmly fixed in it. The tube was then screwed on to the extremity of another tube 
communicating with a vertical cylinder filled with oil, the tube containing the sub- 
stance experimented on, and the magnetized needle being also vertical, having the 
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substance at its upper end within the needle projecting downwards from it. This 
tube was also surrounded by a bath filled with oil, the surface of which just covered 
the upper end of the tube. A powerful lever acted on a piston carefully packed and 
fitting accurately into the vertical cylinder just mentioned, and the pressure thus 
applied to the oil, filling the cylinder and the tubes, was communicated to the sub- 
stance at the upper end of the vertical tube. The eubstance was then gradually and 
slowly heated by heating the oil in the bath, the temperatare of which was known 
by a thermometer with its ball immersed in it. The temperature was thus increased 
till the needle dropped down from the top of the tube. To ascertain the exact instant 
when this took place, a small compass was so placed near the top of the tube con- 
taining the magnetized needle, that the needle of the compass was deflected about 
90° from its natural position, its return to which was the signal that the magnetized 
needle had fallen, and the substance melted. The temperature of the bath at that 
instant gave the temperature of liquefaction. 
The following are some of the results obtained :— 


Temperature Fahr. at which it 
liquefied. 


Wax COCHSHROSSCKG eer Oeeee 
Sulphur .....scesseeees 
Stearine ...s..ccccecess 


Of course when the weight 0 was on the piston, the substance was under atmo- 
spheric pressure, or about 15 Ibs. to the square inch; the pressure of 7790 lbs. 

r square inch was that at which the Britannia Bridge had been raised. Mr. 

opkins had also tried the metallic alloys which fuse at low temperatures, but had 
not detected any elevation of fusing temperature required by increasing the pressure; 
but these experiments required to be repeated and confirmed before they could be 
relied upon. 


On Formule for the Maximum Pressure and Latent Heat of Vapours. By 
WiciiamM Jonn Macquorn Ranxine, C.4., F.R.SS. Lond. § Edinb. 


ec. 

The author, reasoning from the supposition that the pressure exerted by a liquid 
or solid, and its vapour, when in contact with each other, is the result of an er- 
pansive elasticity irf the vapour, balanced by an attractive force which tends to 
condense it on the surface of the liquid or solid, many years since arrived at the 
- conclusion that the law connecting the maximum pressure of.a vapour with the 

temperature would probably be found to be represented to a near approximation by 
the following formula :— . 


— _B C_ e 
log P=A 3 &e. ; 


in which r denotes the temperature measured from the absolute zero of the perfect 
gas thermometer ; P the maximum pressure; and A, B, C, &c., constants to be 
determined from experimental data for each substance. 
_ The most probable position of the absolute zero of the perfect gas thermometer 
ip 

274° Centigrade=493°2 Fahr. 
below the temperature of melting ice, so that ordinary temperatures are reduced to 
absolute temperatures by adding 

274° for the Centigrade scale, 

461° 2 for Fahrenheit’s scale. 
Having applied this formula to M. Regnault’s experiments on the pressure of 
steam, using three terms only, with three constants A, B, C, determined from three 
experimental data, he found the results of experiment and calculation to correspond 
closely throughout the whole extent of the experiments. The same was the cast 
with M. Regnault’s experiments on the vapour of mercury, using a formula of two 
terms only. 
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Formule of three terms for alcoho! and ether, and of two terms for turpentine 
and petroleum, were found to represent the results of Dr. Ure’s experiments on 
these fluids as closely as could be expected from the degree of precision of the 
experiments. 

These investigations were published in the ‘Edinburgh New Philosophical Journal’ 
for July 1849. 

M. Regnault having recently published an extensive series of experiments on the 
pressures of the vapours of sether, sulphuret of carbon, alcohol, essence of turpen- 
tine, and chloroform (Comptes Rendus, 14th August 1854), the author has applied 
formulse of the kind proposed by him, of three terms, to these experiments ; and the 
present paper states the results of these investigations, and gives a table of the con- 
stants in the formule for the pressures of the vapours of the five fluids above named, 
together with thoee for water and mercury, formerly determined. The constants for 
water and mercury are slightly modified to adapt them to the position of the abso- 
lute zero now considered most probable, that formerly adopted by the author 
having been 0°6 of a Centigrade degree lower ; but this modification causes no prac- 
tically appreciable alteration in the computed pressures®. 

The degree of closeness of the agreement of the formule with the results of 
experiment, corresponds in a remarkable manner with the degree of purity in which, 
according to M. Regnault, the fluids can be obtained. For sulphuret of carbon, 
which is easily obtained pure, the agreement is nearly as close as for steam ; for 
ether, somewhat less close, but still satisfactory ; for alcohol, the formula is not 
applicable with certainty below 0° Cent.=32° Fahr., but is about as precise as that 
for ether above that temperature ; for essence of turpentine (which undergoes a 
molecular change by boiling), the formula is not applicable below 40° Centigrade, 
and for chloroform (which it is impossible to obtain absolutely pure), not below 70° 
Centigrade ; but above these temperatures the agreement is very satisfactory. 

The author shows that, although the densities of the vapours of the seven fluids 
referred to are known only by conjecture, the formule for their maximum pressures 


afford the means of computing for each fluid the function r , being the mechanical 


equivalent of the latent heat of evaporation at any given temperature of so much of 
the fluid as is necessary to fill, in the state of vapour, a space greater than it fills in 
the liquid state by unity of volume. 


On Mechanical Antecedents of Motion, Heat, and Light. 
By Professor W. Tuomson, M.A., F.R.S. 


This communication was opened with some general explanations regarding 
mechanical energy, and the terms which liave been introduced to designate the 
various forms under which it is manifested. Any piece of matter, or any group of 
bodies, however connected, which either is in motion, or can get into motion without 
external assistance, has what is called mechanical energy. The energy of motion 
may be called either “‘ dynamical energy”’ or ‘‘actual energy.” The energy of a 
material system at rest, in virtue of which it can get into motion, is called 
“ potential energy.”’ The author showed the use of these terms, explained the 
idea of a store of energy, and conversions and transformations of energy, by various 
illustrations. A stone at a height, or an clevated reservoir of water, has potential 
energy. If the stone be let fall, its potential energy is converted into actual energy 
during its descent, exists entirely as the actual energy of its own motion at the 
instant before it strikes, and is transformed into heat at the moment of coming te 
rest on the ground. If the water flow down by a gradual natural channel, its 
potential energy is gradually cunverted into heat by fluid friction, according to an 
admirable discovery made by Mr. Joule of Manchester above twelve years ago, 
which has led to the greatest reform that physical science has experienced since the 


* A table of these constants is published in the Philosophical Magazine for December 1854, 

¢ This principle has been successfully applied to the computation of the densities of vapours 
from their latent heats of evaporation, in a paper read to the Royal Society of Edinburgh, 
February 19th, 1855. ; 
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days of Newton. From that discovery, it may be concluded with certainty that 
heat is not matter, but some kind of motion among the particles of matter; a con- 
clusion established, it is true, by Sir Humphrey Davy and Count Rumford at the 
end of last century, but ignored by even the highest scientific men during a period 
of more than forty years, Mr. Joule, by a series of well-planned and executed 
experiments, ascertained that a pound of water would have its temperature 
increased by 1° (Fahrenheit) if it kept all the heat that would be gencrated by its 
descent through 772 feet; that is, the “actual” or ‘‘ dynamical’’ energy of as 
much heat as raises the temperature of a pound of water 1° is an exact equivalent 
for the potential energy of a pound of matter 772 feet above the ground. Mr, 
Joule also fully established the relations of equivalence among the energics of 
chemical affinity, of heat, of combination, or of combustion, of electrical currents 
in the galvanic battery, of electrical currents in magneto-electric machines, of 
engines worked by galvanism, and of all the varied and interchangeable mani- 
festations of calorific action and mechanical force which accompany them. These 
researches, with the theory of animal heat and motion in relation to the heat of 
combustion of the food, and the theory of the phwnomena presented by shooting 
stars, due to the same penctrating investigation, have afforded to the author of the 
resent communication the chief groundwork for bis speculations. 

' The heat emitted by animals, and the mechanical effects which they produce, are 
transformations of the energy of chemical affinity with which the food consumed by 
them combines with the oxygen they inhale. The heat, sound, and mechanical 
effects produced by the explosion of gunpowder are, all together, equivalent to the 
energy of chemical affinity between the different substances of which gunpowder is 
composed. ‘he potential energy of war is contained in the stores of gunpowder 
and food brought into the field. The gunpowder carried by artillery and iofantry 
contains all the potential energy ordinarily brought into action by those two arms 
of the service. The men’s food, and the forage for the horses, contain the stores of 
potential energy’drawn upon in a charge of cavalry. Artillerymen, foot soldiers, 
sailors, steamers with their engines, guns, swords, are only means and appliances 
by which the potential energy contained in the stores of gunpowder and food is 
directed to strike the blows by which the desired effects are produced. 

The heat and mechanical actions of animals are transformations of the potential 
energy of their food mechanically equivalent to the heat that would be got by 
burning it. The food of animals is either vegetable, or animal fed on vegetable, or 
ultimately vegetable after several removes. Now, except mushrooms and other 
funguses, all of which can grow in the dark, are nourished by organic food like 
animals, and absorb oxygen and exhale carbonic acid like animals, all known 
vegetables get the greater part of their substance, certainly all their combustible 
matter, from the decomposition of carbonic acid and water, absorbed by them from 
the air and soil. The eeparation of carbon and of hydrogen from oxygen in these 
decompositions is an energetic effect, equivalent to the heat of recombination of 
those elements by combustion or otherwise. The beautiful discovery of Priestley, 
and the subsequent researches of Sennebier, De Saussure, Sir Humphrey Davy, 
and others, have made it quite certain that those decompositions of water and 
carbonic acid only take place naturally in the day time, and that light falling on 
the green leaves, either from the sun or from an artificial source, is an essential con- 
dition, without which they are never effected. ‘There cannot be a doubt but that 
it is the dynamical energy of the luminiferous vibrations which is here efficient in 
forcing the particles of carbon and hydrogen away from those of oxygen, towards 
which they are attracted with such powerful affinities; aod thot luminiferous 
motions are reduced to rest, to an extent exactly equivalent to the potential ener 
thus called into being. Whether or not the coolness of green fields and fresh 
foliage is to any sensible extent due to this cause, it is quite certain that san-heat 
is put out of existence as heat, in the growth of plants in any locality, and that 
just as much heat, neither more nor less, is emitted from fires in which the whole 
growth of any period of time is burned. Coal, composed as it is of the relics of 
ancient vegetation, derived its potential energy from the light of distant ages. Wood 
fires then give us heat and light which has been got from the sun a few years ago. 
Our coal fires and gas lamps bring out for our present comfort heat aad light of 4 
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primeval sun which have lain dormant as potential energy beneath seas and moun- 
tains for countless ages. 

- We must look then to the sun as the source from which the mechanical energy 
of all the motions and heat of living creatures, and all the motion, heat, and light 
derived from fires and artificial flames is supplied. ‘The natural motions of air and 
water derive their energy partly, no doubt, from the sun’s heat, but partly also from 
the earth’s rotary motion and the relative motions and mutual forces between the 
earth, moon, and sun. If we except the heat derivable from the combustion of 
native sulphur, and of meteoric iron, every kind of motion (heat and light included) 
that takes place naturally, or that can be called into existence through man’s 
directing powers on this earth, derives its mechanical energy either from the sun’s 
heat or from motions and forces among bodies of the solar system. 

In a speculation recently communicated to the Royal Society of Edinburgh, the 
author has shown that the sun’s heat is probably due to friction in the atmosphere 
between his surface and a vortex of vapours, fed externally by the evaporation of 
small planets, in a region of very high temperature round the sun, which they reach 
by gradual spiral paths, and falling in torrents of meteoric rain, down from the 
luminous atmosphere of intense resistance, to the sun's surface. 

A continuation of the inquiry raises the question, from what source do the 
planets, large and small, derive the mechanical energy of their motions? This is a 
question, to the answering of which mechanical reasoning may legitimately be 
applied: for we know that from age to age the potential energy of the mutual 
gravitation of those bodies is gradually expended, half in augmenting their motions, 
and half in generating heat; and we may trace this kind of action either backwards 
or forwards ; backwards for a million of million of years with as little presumption 
as forwards fora single day. If we trace them forwards, we find that the end of 
this world as a habitation for man, or for any living creature or plant at present 
existing in it, is mechanically inevitable; and if we trace them backwards according 
to the laws of matter and motion, certainly fulfilled in all the actions of nature 
which we have been allowed to observe, we find that a time must have been when 
the earth, with no sun to illuminate it, the other bodies known to us as planets, 
and the countless smaller planetary masses at present seen as the zodiacal light, 
must have been indefinitely remote from one another and from all other solids in 
space. All} such conclusions are subject to limitations, as we do not know at what 
moment a creation of matter or energy may have given a beginning, beyond which 
mechanical speculations cannot lead us. If in purely mechanical science we are 
ever liable to forget this limitation, we ought to be reminded of it by considering 
that purely mechanical reasoning shows a time when the earth must have been 
tenantless; and teaches us that our own bodies, as well as all living plants and 
animals, and all fossil organic remains, are organized forms of matter to which 
science can point no antecedent except the Will of a Creator, a truth amply con- 
firmed by the evidence of geological history. But if duly impressed with this 
limitation to the certainty of all speculations regarding the future and pre-historical 
periods of the past, we may legitimately push them into endless futurity, and we 
can be stopped by no barrier of past time, without ascertaining at some finite epoch 
a state of matter derivable from no antecedent by natural laws. Although we can 
conceive of such a state of all matter, or of the matter within any limited space, 
and have cases of it in the arbitrary distributions of temperature, prescribed as 
initial” in the theory of the conduction of heat (see* Cambridge Mathematical 
Journal, vol. iv. 1843), yet we have no indications whatever of natural instances of 
it, and in the present state of science we may look for mechanical antecedents to 
every natural state of matter which we either know or can conceive at any past 
epoch however remote. 

It is by tracing backwards the motions which are at present observed, according 
to the known laws of motion and heat, with no limit as to time, that the author 
arrives at the conclusion that the bodies now constituting our solar system have 


* “ Note on some points in the Theory of Heat,” a short article in which it was shown how 
to test the age of a distribution of heat, by applying a certain criterion of convergence to its 
expressicn in the infinite series characteristic of the external circumstances of the body in 
which it is given. 
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been at infinitely greater distances from one another in space than they are now. 
He remarked that the nebular theory, as ordinarily stated, assuming as it does 
previously gaseous state of matter, is not only untrue, but the reverse of the trath, 
according to the views now brought forward, since these show evaporation as a 
necessary consequence of heat generated by collisions and friction, and the geveral 
past and present tendency of matter is seen to be the conglomeration of solids 
and liquids accompanied by a gradual increase of the quantity of gaseous fluid 
occupying space. 

Prof. Helmholtz, in a most interesting popular lecture on transformations of 
natural forces, delivered on the 7th of February last at Konigsberg, has estimated 
that, if the particles at present constituting the sun’s mass have been drawn 
together by mutual gravitation, from a state of infinite diffusion, as supposed in the 
nebular theory, not however a gaseous state, as ordinarily supposed, but a state in 
which the particles exercise no mutual action except that of gravitation, the whole 
heat generated must have amounted to about 28,000,000 thermal units Centigrade 
per pound of the sun’s mass. This estimate would not, as the author of the present 
paper shows, require any change, whether we assume, as the antecedent condition of 
the solar mass, a state of infinite diffusion, or a state of aggregation in solid masses 
of any dimensions small compared with his present dimensions, and separated from 
one another at comparatively great distances ; provided always there has been no 
relative motion among them except what is generated by mutual gravitation. If, 
then, the whole mass of the sun has grown by the process which, according to the 
author’s theory of solar heat (certain as regards a part, whether or not it may be 
sufficient to account for the whole of the radiation of solar heat), we know to be 
augmenting it at present, there must have been generated, in the whole process of 
conglomeration, the quantity of heat stated above; a quantity which amounts to 
abou; 20,000,000 times as much as is at present radiated off in one year. 
author gave reasons for believing that this heat must have been nearly all radiated 
off immediately on being generated, and that enough of it has not been retained in 
the conglomerated mass to be the store from which the heat at present radiated 
is drawn. 

That the present solar radiation is supplied chiefly from a store of heat contained 
in the mass, whether created there or generated mechanically by the impact of 
meteors which have fallen in during remote periods of past time, appears very 
improbable, 

On the contrary, there must in all probability be some agency continually sap- 
plying heat to compensate the loss constantly experienced by radiation from the 
sun; and that agency*, as the author has shown elsewhere, can be no other than 
the mechanical action of masses coming from a state of very rapid motion round the 
sun to rest on his surface. 

The author showed how a system of solid bodies, large and small, initially at 
rest and at great distances from one another, may, by their mutual gravitations, and 
by the resistance their motions must experience in the gaseous atmosphere, evapo- 
rated from them by the heat of their collisions after a vast period of time, come into 
a state of motion, heat, and light, analogous to the present condition of our solar 
system and the stars. The origin of rotatory motion is explained by showing that 
different systems starting from rest will influence one another so as to acquire con- 
trary rotatory motions, without any aggregate of rotatory momentum being acquired 
by the whole. Any system or group beginning to concentrate round one principal 
mass, after having thus acquired a momentum of rotatory motion, will acquire from 
it, in a certain stage of advancement, just such approximately circular motions as 


* It is quite certain that it cannot, as the nebular theory has led some to suppose it may, 
be the energy of gravitation effecting any continued condensation of the sun’s present mass, 
since without increased pressure, it is only by cooling that any condensation can be taking 
place; and the heat emitted in consequence of condensation by cooling, would depend merely 
on the specific heat of the whole mass in its actual circumstances of temperature 
and pressure, and might (for all we know of the properties of matter at such high 
temperature and pressures) be greater than, equal to, or less than the thermal equivalent of 
the work done by gravity on the contracting body. 
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those of the planets, the particles of the zodiacal light and the satellites of our solar 
system, and such rotatory motions as the central and other masses are known to 
have, all chiefly in one direction. 

In considering the question whether all the heat and motion existing in matter 
have their origin in that action by which their amount is at present being increased, 
it is shown that, unless their entire actual energy exceeds a certain definite limit, 
namely, the value of the whole potential energy of gravitation that would be spent 
in drawing all the particles of matter from a state of infinite diffusion into their 
preaent positions, it is quite possible they may be so produced ; or that the potential 
energy of gravitation may be in reality the ultimate created antecedent of all the motion, 
heat, and light at present in the universe. 


On the Motion of Fluids ; a remarkable variation in the great Elementary 
Law of the ratio between Pressure and Velocity. By Wi1LtiAM Petrie, 
Woolwich. 


One of the most universally recognised laws of the flow of fluids is, that the 
velocity of flow through an aperture from or to a containing veseel varies as the 
square root of the pressure, and this law is evidently a necessary corollary from 
the first principles of dynamics. | 

The present paper is to call attention to the fact, that when the passage through 
which the fluid (as air or water) is forced, consista of a single check, such as a 
simple hole, the above law holds precisely true; yet when the passage consists of an 
indefinitely numerous consecutive sertes of checks, such as a tube containing sand, 
the velocity of flow varies in the direct arithmetical ratio of the pressure; and that 
in the intermediate cases of a few consecutive checks being placed to retard the flow 
of the fluid, the law seems to follow various intermediate ratios accordingly. _For 
the case of about 30 consecutive checks causes the law of variation of velocity to be 
as the 4 power of the pressure. 

Whether this important law be altogether new or not, the author feels it to be 
most lexing ; it being, apparently, contrary to the most indubitable deductions 
from the above-named great elementary law. For it is to be observed that it is no 
question regarding the absolute velocity of ow through the checking passage, under 
a certain pressure of fluid; ¢hat might weil be regarded as incalculable, and not 
accurately amenable to any discoverable rules in such a practically complex dyna- 
mical condition as the flow of air or of a liquid through a mass of sand. But the 
question regards the effect of a simple variation of pressure, ceteris paribus, in which 
variation, therefore, all the directions and counteractions of currents, however 
complex, must remain relatively precisely the same, the velocities of all being 
necessarily affected in precisely the same ratio. The subject has many ramifications 
which the author hopes in some degree to follow up. 


On a Method of Computing the Absolute Volume of the Ultimate Particles of 
Liquids. By J. J. WATERSTEN. 


In this paper certain theoretical views regarding the mutual action of particles of 
a liquid, especially near its free surface, were brought forward, according to which a 
relation between the latent heat of its vapour and the contractile tendency of its 
surface was established in terms of the dimensions of its atoms, supposed by the 
author to be finite. Experiments on the forms and dimensions of drops of water, 
and the bearing of water in capillary tubes, exhibited by diagrams traced from pho- 
tographs, were described, from which the capillary tension of a free surface of water 
was estimated. A comparison of this result with data regarding the mechanical 
action of steam afforded by M. Regnault and Mr. Joule by experiment, led the 
author to the conclusion that the number of atoms in a cubic inch of water is about 
equal to the cube of 216,000,000; or, that there are only as many atoms of water 
in a masa of the liquid equal in volume to a billiard ball, as there are of such volumes 
in the whole bulk of the earth. 

A relation between the capillary tensions of different liquids, their atomic weights, 
and the latent heats of their vapours, was shown to follow from the theory; and it 
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was pointed out that, as far as experiment gives data for judging, this relation 
appears to be fulfilled in the comparative conditions of water and alcohol. 


CHEMISTRY. 


On the Constitution of Meconine and Papaverine, and their Relations to the 
other Constituents of Opium. By Tuomas AnpEerRsON, M.D., Professor 
of Chemistry in the University of Glasgow. 

Tue author commenced by referring to the opinion often expressed by chemists, 

that where several well-marked crystalline compounds are met with in the same 

plant, some definite chemical relation must exist hetween them. But even in those 
cases—as for instance in that of quinine and cinchonine, where the formulz of the 
substances are very simply related—the conversion of one into the other has not been 
successful. In the course of the author’s investigation of the opium compounds, he 
had obtained a product of decomposition of narcotine, which he called opianyle. 

The result of the experiments now cetailed showed that this substance is identical 

with the meconine which Combe found naturally existing in opium. The author 

having, thus made the first step towards the simplification of the complex chemist 
of opium, concluded by pointing out the relations subsisting among its other constt- 
tuents; and expressed the opinion that these could not be fortuitous, but pointed to 
the possibility of further simplifications, 


On the Alkaloids produced during the Destructive Distillation of Animal 
Substances. By Tuomas AnvDERSON, M.D., Professor of Chemistry in 
the Oniversity of Glasgow. 

This paper contained the details of Dr. Anderson's most recent researches on the 
volatile basis of Dippel’s oil. He gave a description of a new base, collidine, belonging 
to the picoline series, and a set of experiments which established the fact that these 
substances belong to the class of nitryle bases. Ethylo-piridine and ethylo-picoline 
were described, and their decompositions explained. 


On Collodion Negatives. By Gronce Rosert Berry, Liverpool. 


There appears to have been a great difficulty with many operators in obtaining that 
requisite intensity of negative collodion proof that shall by the after-printing yield 
satisfactory positive paper impressions. Selecting from the formule generally fol- 
lowed, the author of this paper applied chloride of gold to the negatives he desired to 
strengthen, in the proportion of one grain to an ounce of water ; and if this did not 
produce the desired result, he, after washing away the excess of chloride, floated over 
the proof a solution of sulphide of ammonium, varying in strength from 3 to 40 drops 
to 1 oz. of water. By this means, impressions so feeble as to be hardly visible by 
trausmitted light became capable of yielding satisfactory results when used for print- 
ing. One difficulty remained :—the collodion film, at all times tender while moist, 
becomes so easily disrupted from the glass plate after the application of any of the 
strengthening processes, that the acquisition of a perfect negative was the exception 
and not the rule. This obstacle may be easily surmounted by allowing the photograph 
to dry after being developed and fixed cither by cyanide of potassium or h ‘posulphite 
of soda, and then varnishing in the usual way. The photograph may then at any 
period of time be-safely strengthened by repeating the gold and sulphide of ammo 
nium process, observing to ure rectified spirit of wine instead of water as the men- 
struum for the gold and sulphide. The tenacity of the varnish ensures the safety of 
the collodion film, and another coat of varnish completes the process, ‘The author 
found that by the use of gallic acid in his silver bath the time of exposure was much 
prolonged in the camera, but the developed pictures proved of extraordinary intensity, 
and by this means he has at all times been able to produce satisfactory negatives, 
provided always that the collodious employed be not made sensitive by iodide or bro- 
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mide of ammonium. It is true that a portion of gallate-of silver soon-precipitates, but 
silver solutions of moderate strength always retain in solution a portion of the precf- 
pitant; and this fact has been made use of by the author, Mr. Thomas and some 
others, by adding excess of moist iodide of silver to a new silver bath, to obviate the 
tendency it has to dissolve out the film of iodide of silver on the collodion plate, 
When using a bromide as the sensitizing agent, bromide of calcium has been found 
most effective ; the nitrate of lime resulting from its decomposition in the silver bath 
having no detrimental action. The formula is as follows :—bromide of calcium, 
4 grains; dissolve in spirit of wine 2 drachms; add rectified ether 6 drachms, gun 
cotton quan. suff. The silver bath used must be 60 grains to the ounce. The bree 
mized collodion is tolerably rapid, and, unlike most others, improves by age, even 

ond a twelvemonth. The author has used the following formula with a simple 
30-grain silver bath, and has obtained in all the varying couditions of light, whether 
of views or portraits, any amount of vigour desired :—The collodion: Take pure 
fodide of potassium, any quantity; triturate this in a glass mortar with spirit of wine, 
54 over proof, until the spirit is unable to dissolve more of the iodide. Take of this 
solution 3 parts; sulphuric sether, free from acid, 5 parts ; mix and dissolve in it guri 
cotton, to form a tough and rather thick film. The developing agent is, pyro-gallic 
acid, 2 grains; glacial acetic acid, 20 drops; spirit of wine, 1 drachm; water to make 
up I oz. oo 
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On the Physiological Properties of Carbazotic Acid. 

By Professor F. Crace CAtvert. 

The author stated that he had supplied some of this acid to Dr. Bell, Physician ta 

the Royal Infirmary, Manchester, who had cured several cases of intermittent fever 

with it. He also said that he should be very happy to furnish any physician with g 

small guantity of this substance, so that its real medical value might be ascertained: 

After describing the process by which pure carbazotic could be procured from carbolic 

acid, he impressed upon the Meeting the value of the pure acid as a yellow dye for 
silk. 


On the Action of Gallic and Tannic Acids on Iron and Alumina Mordants. 
By Professor F. Crace CALveErt. . 


The author drew the following conclusions from the facts contained in his commu< 
nication :—Ist. That there can be no doubt that tannic acid is the matter in tannin 
substances which produces black with irén mordants. 2ndly. That the reason of gal- 
lic acid producing no black dye is, that it reduces the peroxide of iron in the mordant,; 
forming a colourless and soluble gallate of protoxide of iron, 3rdlv. That gallic acid 
has the property of dissolving hydrate of alumina, and also of separating alumina: 
mordants from the cloth on which they are fixed. 4thly. That the reason of extracts 
of tanning matter losing their dyeing properties is, that the tannin is transformed into 
gallic acid. 5thly. That gallic acid possesses the property of dissolving iron, and 
thus lays claim to the character of a true acid; whilst tannin, not having this action, 
appears to him to be in reality a neutral substance. 6thly. He also found that 2 to 
39° of impure carbolic acid added to extracts of tanning matters, such as those of 
sumach, quercitron bark, &c., completely prevented for several months the transfor~ 
mation of the tannin which they contained into gallic acid, and thus rendered tannin: 


extracts commercially useful. 
2 


On the Action of Citric, Tartaric and Oxalic Acids on Cotton and Flax 
Fibres under the influence of Dry Heat and Pressure of Steam. By 
Professor F. Crace CALVERT. ~ 
Mr. Calvert has observed that when two to four parts of these acids are dissolved in 

100 of water, and linen or cotton dipped into the solution obtained, and after- 

wards dried in the air, they, on exposure to certain temperatures, completely destroy, 

the tenacity of the fibre. This action of organic acids is interesting when it is known 
5 
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that it takes place even at the low temperature of 180°, 212° and 260° Fahr. He 
also found that cotton and flax fibres, when prepared as above and then submitted to 
the influence of steam of three lbs. pressure, were destroyed. 


On the apparently Mechanical Action accompanying Electrie Transfer. 
By Anpvnew Crosse. 


The author found, by electrifying a soverei Positively in close contact with a 
piece of carbonate of lime, under nitric acid diluted with fifty times its quantity of 
water, that a portion of the milled edge of the coin was struck off in pieces, some of 
which were large enough to retain the milled edge upon them distinctly. The valtaic 

tion was kept up for fifty hours; and at the expiration of that time the coin had 
ost three grains in weight; and a ground glass rod that used to keep the coin in con 
tact with the limestone was permanently gilded ; and this took place at the positive 
pole, The weight of the portions removed from the coin exactly corresponded with 
the deficiency. The solution being tested contained nitrate of lime, but no gold nor 
copper. He likewise found, on repeating this experiment with sulphuric acid, similarly 

iluted—the voltaic action being kept up for ninety hours—that six grains of 
were removed from the edge of the coin; and the pieces broken off weighed the same. 
A strip of glass being placed on the edges of the jar containing the dilute acid, and 
half an inch above its surface, and in a line with the electric current, had its lower 
part covered with crystals of stiphate of lime, each one of which was at right angles 
to the electric current. The friction of the carbonic acid gas, liberated from that part 
of the limestone in contact with the coin, was apparently the mechanical cause of the 
removal of the edges. The author stated that he had tried various experiments both 
with frictional and voltaic electricity upon different substances, which in his opinion 
proved the effects of the mechanical action accompanying electric transfer. 


On the Decomposition of Magnesian Limestone at Brodsworth. 
y J. A. Davizs. 


On Collodion Photographs of the Moon's Surface. By Dr. Epwarvs. 


About the commencement of the present year, the Liverpool Photographic Society, 
vecognizing the importance of this object, and the interest felt in it by the British 
Association at its last meeting, requested Mr. J. A. Forrest, ite Secretary, Mr. J. 
Hartnup of the Liverpool Observatory, and the author, to act as a committee fur ob- 
taining photographs of the moon by the Liverpool telescope, and to lay them before 
the present meeting of the Association. This Committee have produced a large 
number of pictures with variable success, and some of the most perfect copies are now 
presented to the meeting. The telescope is furnished with an excellent equatorial 
mounting, and clock-work motion of great firmness and steadiness. The object glass 
has a focal length of about 12} feet, and a small camera-box being substituted for the 
eyepiece, the image was received upon the ground glass, or prepared plate, in the 
erdinary manner. After much fruitless labour, the chemical focus was discovered t 
be about eight-tenths of an inch beyond that of the visual one, the glass being over- 
eorrected to that extent in respect to its actinic focus. This we have since found to be 
fsearly coincident (when the length of foci in the several lenses is duly allowed for) 
with the experience of Professor Phillips and other labourers in the same field. The focas 
once accurately ascertained, of course answers for all subsequent experiments. It was 
at first difficult to decide whether the want of sharpness of outline observed was due 
te the nietion of the object or to imperfect focusing, and the most excellent 
have been ebtained by the continual motion of Mn Hartnup's steady hand in addition 
to the clock movement, while his eye was kept on the finder with a micrometic eye- 
piece of good power, by which he could maintain the position of a given point in the 

d, without perceptible variation. And, indeed, when the moon is off the meridian, 
her rate being vartable, the above seems the only mode of following her motion 
avcurately. 

’ The author tlescribed tire chemicals used. 
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- These picturés have been since: copied and enlarged in the camera by transmitted 
light; and, for this purpose, those developed with the iron have been preferred. The 
excellence of the pictures for transmitted light, whether in copying or illuminating by 
the lantern, seems to be governed by their tone of colour rather than their apparent 
opacity. Mr. M‘Innes has been very successful in copying and enlarging these pictures 

tern. , 


On Photographs upon Albumen. By M. Fernibat. Communtoated by the 
| Abbé Moreno. 7 _ 

During the reading of this paper a number of very large and beautiful photo- 
gape drawings were exhibited, as- illustrative of the excellence of the process 
owed. . . oo o: a. ee ee °- - . 
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On the Chemical Examination of some Alloys of C. and Zine. 
By Davin Forszs, F.G.S8., A.L.C.E. 
The alloys which formed the subject of this paper were produced accidentally in 
ordinary process of brass-making; where, by some accidental circumstances which 
were difficult to explain, a separation of the compounds contained in an ordinary 
brass had resulted, and on breaking presented parts of a brilliant silvery white fractures 
whereas other parts of the same mass were deep yellow, and ofa crystalline texture. 
Both these were submitted to chemical examination, and the results, as well as tha 
methods of examination, given in detail. The white alloy, which was so brittle as to 
be easily reduced to powder, was found to consist of copper 46°51, and zinc 53-49 per 
cent., which would closely approximate to the chemical formula Cu, Zng.. The yel- 
low, which, on the contrary, was not at all brittle, was found to contain 56°91 per 
cent. copper and 43°09 zinc, or agreeing with the formula Cu, Zn,; so that 
both these alloys were evidently definite compounds. Specimens were then shown 
of similar alloys reproduced by the admixture of these metals; and particular 
attention was drawn to the fact, that a white alloy containing as much copper as 46} 
per cent. had not previously been made kuown; and that above and below this pers 
centage, within very small limits, the alloys were invariably described as yellow; and 
that in Mallett’s researches all alloys mentioned by him containing frum as litde 
copper as 32-8 per cent. and upwards, were found to be of a decided, or even dark yellow 
our. The peculiarity of the extraordinary brilliant silvery appearance of the white 
alloy would appear to make it very applicable to the manufacture of reflectors or 
specula; but no experiments had been made on this point. 


On the Occurrence and Chemical Composition of some Minerals from the 
South of Norway. By Davip Forszs, F.G.S., ALCL. 


_The author commenced by observations on the mode of occurrence of varioug 
ininerals in the granitic and syenitic rocks of the south-west coast of Norway, and on 
the frequent appearance of hydrous minerals in rocks which are generally regarded 
as of igneous origin. He then proceeded to state some general facts observed by him 
as connected with the development of these minerals, and on several peculiarities of 
structure apparently induced by them in the rocks in which they were imbedded, 
dwelling particularly on the special relation which the mineralogical constituents of 
the rocks, as quartz, felspar, and mica, appear to bear to the development of the 
minerals themselves: thus it was found that the mica appeared to exercise a very 
determinate action, as was also the case, though in a less degree, with some particular 
varieties of quartz; whilst in nearly all cases a discoloured or apparently decom 
appearance of these substances appeared at the point of contact and surrounding the 
crystals themselves. . 

Remesrks were then made as to a peculiar radial structure developed in the matrix, 
and immediately around many minerals, aa orthite, tachyaphaltite, thorite, &., and 
again in other cases as with katap-etite, melanophane, astrophyllite, &c., a radial 
structure in the arrangement of the crystalline minerals themselves was observed, 
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although in these cases no corresponding radial structure of the matrix was found to 
exist. After having entered into this subject at some length and drawn the attention 
of the section to these points of what may be termed “ Geological Mineralogy,” the 
study of which was insisted upon as of great importance in elucidating the formation 
of minerals in nature, the author proceeded to the chemical examination of the 
minerals, specimens of which were shown, and the results as well as the methods of 
chemicel analysis employed in the examination of several of these minerals were 
etailed. 

| Several new minerals were shown, which had been examined and named, and which 
were found to contain some of the rarer metals and earths, and the properties of 
these bodies somewhat commented upon. 


(nets eee 


On the Heating Effects of Secondary Currents. By J. P. Gasstor, F.R.S. 


In January last Mr. Gassiot communicated to the editor of the Philosophical 
Magasinée an account of experiments made with Ruhmkorff’s induction coil, and 
alluded to the fact, that the heating effect, which had already been noticed by Masson, 
took place in the contrary direction to that which is produced in the primary current, 
Which heating effect had been observed as fur back as 1838. Since January last, 
Mr. Gassiot has had several forms of apparatus constructed for the purpose of ob- 
serving the phenomena of secondary discharge in relation to its heating effects :— 
1. If the discharge of the secondary current takes place in air the negative terminal 
(which in these experiments was of platina wire) became heated. 2. If the wires 
are sealed into small (thermometer) straight tubing, neither terminal appears to be 
heated, but the discharge takes place, filling the entire tube with a brilliant clear white 
light. 3. If any part of the tube is blown into small bulbs, that portion of the dis- 
charge which passes through the bulbs is spread as illuminating that portion with s 
brilliant blue light. 4. If the discharge takes place in a globe, or in a tube of about 
one inch diameter, the negative terminal is intensely heated. In the course of the 
experiments Mr. Gassiot noticed that the glass at the heated end became quite black; 
in fact, the heat of the electrode had fused the glass and also caused a deposit of 
minutely divided platinum. He therefore had another apparatus constructed, taking 
care that whenever he experimented with it the current should invariably be sent in 
the same direction. The result has been that the negative end has become quite black, 
the deposits being in regular layers, the most dense nearest the wire. The positive end 
‘of the glass remains quite clean, as does the platina wire, except about yy of an inch, 
which appears covered with a minute black deposit. At this terminal, whenever the 
discharge is made, a minute but brilliant spark appears, from which the electric brash 
flows in great beauty and brilliancy. The negative is at first covered with the well- 
known blue flames until it becomes red-hot; no deposit appears to remain in the 
negative terminal. In all the experiments made with closed glass tubes, the air waa 
exhausted by means of an air-pump. 


On a Method of Analysis applicable to the Quantitative Estimation of Nitric 
and Acetic Acids. By J. H. Guapstonr, PA.D., F.R.S. 


The method proposed consisted in distilling the substance to be analysed with a 
very large quantity of sulphuric acid in a retort, and in collecting the condensed di- 
etillate in a receiver contaming water and carbonate of baryta. ‘The acid is speedily 
converted into baryta salt, the amount of which can be estimated by the ordinary 
processes. Various precautions requisite for the proper conducting of the experiment 
were described. The process was submitted, not as involving any new principle, nor 
yet as being a perfectly accurate method, buf as one which the author found 
to be efficient in overcoming one of the difficulties in practical analysis. 


On the Fluorescence exhibited by certain Iron and Platinum Salts. 
By J. H. GrApstone, PAD., F.R.S. 
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On the Concentration of Alcohol in Sommering’s Experiments. 
By Professor GRaw am, F.R.S, 


The author stated that when an open vessel is filled with a mixture of alcohol and 
water and exposed tv the air, the alcohol goes off first and leaves the water; but if, as in 
Sémmering’s experiments, a bladder be completely filled with dilute alcohol, the liquid 
will decrease in bulk, and the water pass through the membrane, leaving a much 
larger per-centage of alcohol in the bladder. Sémmering describes the action of 
yaembrane to be improved by coating it with isinglass. Prof. Graham removed the 
membrane entirely, and made use of a septum of gelatin itself. Cotton calico was 
coated several times with a solution of isinglass and allowed to dry. A retentive 
vesse] was thus prepared, in which alcohol in different states of dilution was placed, 
and kept between 100° and 12° Fabr. for twenty-four hours. Evaporation tuok place, 
which was uniformly attended by concentration of the spirit :— 


180 grammes of alcohul 0°860 gave 150 grms, of 0°854. 


180 ” » 0°860 gave 146 ,, of 0°852 
180 ” ” 0°880 gave 146 ,, of 0°871 
180 ” ” 0°900 gave 154 ,, of 0°888 


or, the septum of gelatin alone acted exactly like the coats of bladder, Further, 
it was observed that dry gelatin (isinglass) placed in alcohol 0°860 increased 11 per 
cent. in weight, and at the same time lowered the gravity of the spirit to 0°857. There 
can be no doubt, therefore, that gelatin per se separates water from alcohol, and the 
colliferous tissues possess the same property, In the bladder experiment, the water 
thus absorbed by the membrane evaporates from the outer surface, and its place 
being constantly supplied from the dilute alcohol within, the latter comes to be 
yapidly concentrated. 


On the Results of Experiments on the Preservation of Fresh Meat, 
By G. Hamitton, F.C.S. , 


This inquiry was undertaken with a view of discovering a method by which beef 
could be brought in a fresh state from South America. The experiments were made 
by enclosing pieces of beef in bottles containing one, or a mixture of two or more of the 
following gases:—chlorine, hydrogen, nitrogen, ammonia, carbonic acid, carbonicoxide, 
binoxide of nitrogen. Of these, the last two only possessed the power of retarding 
putrefaction. Beef that had been in contact with carbonic oxide for the space of 
three weeks was found to be perfectly fresh, and of a fine red colour. Binoxide of 
nitrogen is capable of preserving beef from putrefaction for at least five months, durin 
which time the beef retains its natural colour and consistence. When meat that had 
been preserved by the Jast process was cooked by roasting, it was found to possess a 
disagreeable flavour. If cooked by boiling, the ebullition must be continued for a 
much greater length of time than is necessary for fresh meat. 


Hints on the Management of some difficult sulyects in the application of 
Photography to Science. By Samuev Hicuvrey, F.G.S,, F.CS. — - 


The author gave a survey of the departments of science to which photography had 
already been applied (including astronomy, meteorology, structure as displayed by 
polarized light, microscopy, natural history, geology, anatomy, surgery, pathology and 
t of disease), and demonstrated by a scrics of photographs what valuable aid 
might be rendered where fruthful delineations of natural objects were of importance, 
as on disputed points of observation, and how by the application of stereoscopic prin- 
ciples the student might in his closet study the Flora and Fauna of distant lands, or 
rare eases in medical experience. He pointed out the means of obtaining microsco- 
pical photographs of very thin depolarizing objects by aid of polarized light, and 
recommended difficult coloured objects, as those abounding in reds, to be illuminated 
by reflected light of a complementary tint, or where antagonistic colours existed in 
the same object, as white, blue, and red, to reduce the whole to one tone by means 
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took plac 0 ith sulphide ofammonium in open flasks. They are a very remark- 
which ° «7d pounds, sparingly soluble in water, and highly crystallizable. Those 
Mr. ie of on eodeine are extremely beautiful compounds. 
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on a Stereoscopic Cosmoramic Lens, designed by G. Kutcur. 
-__ i, amodification of the instrument invented by Sir David Brewster. The im- 
Toy nt consists in employing, in place of the two small semi-lenses, one large one, 
pr’, isrendered stereoscopic by cutting an ordinary plano-convex lens in half, 
won in more or less of the opposite outer diameters, and then transposing the pieces 
m “bat the original centre of the lens becomes the two sides, and the outer edges come 
oo ather in the middle. The advantages obtained by this arrangement is an inereased 
facility for viewing as one the double pictures. Only one adjustment is necessary 
for all sights, viz. increasing or diminishing the distance between the lens and the 
double picture. 


On the Equivalency of Starch.and Sugar in Food. 
By J. B. Lawes, F.C.S., and Dr. J. H. Giusear, F.C.S. 


On the Amounts of, and Methods of estimating, Ammonia and Nitric Acid 
in gain Water. By J. B. Lawes, F.C.S., and Dr. J. H. Guisent, 


We were indebted to Cavendish for the observation, that ammonia and nitric acid 
were formed when humid air was submitted to voltaic action. About the commence- 
ment of the present century, De Saussure detected ammonia in the atmosphere; a few 
‘years later, Chevreul observed its presence in the Seine; and in 1825 Brandes detected 
it in rain-water. Since that time much more minute attention had been paid to this 
subject, as well as to the presence of nitric acid in meteoric and other waters. Liebig 
and Boussingault have particularly called attention to the influence which the am- 
monia, carried down from the atmosphere, must have upon the growth of plants; and 
the former of these philosophers pointed out the occurrence of nitric acid also, in & 
considerable number of the rain-waters which he examined ; especially those of thun- 
der-storme. Dy. H. Bence Jones has also found nitric acid in rain which fell in 
various parts of England and in the South of Ireland. But it is to the more recent 
labours of Boussingault that we are indebted for our most elaborate quantitative esti- 
mations of the ammonia in rain and other waters; and M. Barral has made a series 
of quantitative determinations of both the nitric acid and the ammonia contained in 
the rain-water which fell at Paris, during several consecutive months, in 1851. 
it was chiefly with a view to the agticultural bearings of the subject, that the 
suthors*had entered upon the sume field-of investigation; but the object: of the 
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vent paper was rather to discuss the methods of analysis, than to rely with con- 
ce on the conclusions to which we might be led, by the more direet application 
results yet obtained, to the solution of the several important scientific and 
VJ questions, upon which they bore. Tables were exhibited, showing the 
»ntal results obtained in the estimation of ammonia in rain-water, by several 
nethods, In the first instance, they had distilled very large amounts (from 
‘) pounds or more) of rain-water, to which a little caustic potash was 
dded, and repeated the distillation, collecting in each case about half the 
into the retort, until the whole was reduced to a convenient bulk for 
tration in an open vessel, This was then evaporated, with a known 
huric acid, to a given volume; and measured portions of this fina] 
n neutralized by a standard alkaline solution, in the usual manner 
® This method. the authors conceived gave very good results; but {8 
td from the great practical inconvenience and frequent breakage, 
.g distillations in glass, on eo large a scale. They had next adopted a 
- substantially the same as that of M. Boussingault, in which enerall nag 
re than one litre of watery was operated upon. By this method, exceedingly minu 
actual amounts of ammonia could be determined, and in careful hands very valuable 
comparative results might be obtained. It appeared, however, that in relation to the 
average total amount of ammonia contained in a litre of rain, or other waters, the 
minimum error was generally not leas than 4 or & per cent. of such total amount. 
The authors had therefore, in their more recent experiments, operated upon several 
litres of water in the first instance ; reducing it by successive distillations to one half 
until thus brought to a convenient amonnt, for final distillation—and the testing o 
megsured proportional amounts of the product according to Boussingault’s method. 
This modification, which the authors found M. Boussingault had himself su ont 
was considered to be important, and more applicable to this delicate subject 
inquiry than any of the others yet attempted. However, results obtained by their 
first method of large distillation, by the aide of those by Boussingault’s single distil 
lation process, showed considerable coincidence; such as to give confidence in the 
general principle of the methods. The average of the determinations made in monthly 
mixed samples of the rain which fell at Rothanstet during more than a year, gave 
about I part of ammonia per million of rain-water; the average of many determina- 
tions made by Boussingault at Liebfrauenberg in Alsace was about four-fifths of this 
amount; whilst the estimations, both of M. Barral and M. Boussingault, at Paris 
Bave as much as 3 or 4 parts, or even more, of ammonia per million of rain-water. 
t was interesting too, to notice, that the variations in the amount of ammonia which 
the authors had obtained, in the rain of different but entire months, when considered 
in connexion with the registered amounts of the fall, the direction of the wind, and 
the general characters of the weather, were perfectly consistent in kind with the re- 
sults of M. Boussingault in his special examinations of rain falling under different 
circumstances, of the water of dews, of fogs, &c. The process adopted by the au- 
thors for determining the nitric acid, was, to evaporate the rain-water with an alkaline 
carbonate, several times to dryness, to weigh the solid residue, and determine ity 
per-centage of nitrogen by Dumas’ direct volume-method of combustion with oxide of 
copper, ith some of the results thus obtained, however, they were not satisfied > 
and they considered an accurate method for the determination of small quantities of 
nitrogen, or rather nitric acid, still a great desideratum. They hesitated therefore tq 
apply with confidence, all the results yet obtained, to the discussion of the important 
questions, with a view to the solution of which the investigation had been undertaken 
and which they hoped further to prosecute. As a general result, however, it would 
seem that the per-centage amount of ammonia was generally less in rain of thunder. 
storms, and when there had been a large fall of rain; the amount of nitric acid, 
on the other hand, seemed to be increased under the influence of storms. The results 
further indicated, that the amount of nitrogen yielded by rain-water in the form of 
nitric acid, was considerably greater than that which existed as ammonia; and, since 
there could be no doubt that nitrates applied as manures greatly enhanced the 
growth of plants, by virtue of the nitrogen they contained, the amount of nitrogen 
brought down from the atmosphere in the form of nitric acid, must be considered ta 
have a very important influence on vegetation. . 
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of thin coloured glasses in front of the lens, and thus prevent one part being over- 


done before another had impressed itself on the plate. 


On the Means of upplying Photography to War pu in the Army 
and Navy. By Samue. HicH ey, PGS. F.C.S. 
_ A field camera, with all requisite apparatus, mounted on a large pair of wheels, 
‘which, together with the handle, formed the tripod stand, arranged to be rapidly 
moved from point to point and be managed by one person, was described ; together 
with a naval camera suspended by gimbals on a tripod stand, with counterpoise weight 
gnd compensating focusing movement, to render it as independent as possible of the 
ship's motion; the object of both being to report, by means of pictures, the position 


of troops, forts, or other military works. 


On the Hyposulphites of the Organic Alkalies. By Henny How. 

Mr. How had succeeded in obtaining the hyposulphites of the organic alkalies by 
digesting them with sulphide of ammonium in open flasks. They are a very remark- 
able class of compounds, sparingly soluble in water, and highly crystallizable. Those 
of strychnine and codeine are extremely beautiful compounds. 


On a Stereoscopic Cosmoramic Lens, designed by G. Knicut. 


This is a modification of the instrument invented by Sir David Brewster. The im- 
provement consists in employing, in place of the two small semi-lenses, one large one, 
which is rendered stereoscopic by cutting an ordinary plano-convex lens m half, 
removing more or less of the opposite outer diameters, and then transposing the pieees 
so that the original centre of the lens becomes the two sides, and the outer edges come 
together in the middle. The advantages obtained by this arrangement is an increased 
facility for viewing as one the double pictures. Only one adjustment is necessary 
for all sights, viz. increasing or diminishing the distance between the lens and the 
double picture. 


On the Equivalency of Starch.and Sugar in Food. 
By J. B. Lawrs, F.C.S., and Dr. J. H. Grupeat, FCS. 


On the Amounts of, and Methods of estimating, Ammonia and Nitric Acid 
in Fain Water. By J. B. Laws, F.C.S., and Dr. J. H. Gusset, 
. FCS. | 


We were indebted to Cavendish for the observation, that ammonia and nitric acid 
were formed when humid air was submitted to voltaic action. About the commence- 
ment of the present century, De Saussure detected ammonia in the atmosphere; a few 
‘years later, Ehevreul observed its presence in the Seine; and in 1825 Brandes detected 
it in rain-water. Since that time much more minute attention had been paid to this 
subject, as well as to the presence of nitric acid in meteoric and other waters. Liebig 
and Boussingault have particularly called attention to the influence which the am- 
monia, carried down from the atmosphere, must have upon the growth of plants; and 
the former of these philosophers pointed out the occurrence of nitric acid also, in s 
considerable number of the rain-waters which he examined ; especially those of thun- 
der-storms. Dy. H. Bence Jones has also found nitric acid in rain which fell in 
various parts of England and in the South of Ireland. But it is to the more recent 
labours of Boussingault that we are indebted for our most elaborate quantitative esti- 
mations of the ammonia in rain and other waters; and M. Barral has made a series 
of quantitative determinations of both the nitric acid and the ammonia contained in 
the rain-water which fell at Paris, during several consecutive months, in 1851. 
it was chiefly with a view to the agticultural bearings of the subject, that the 
authorshad entered upon the same field -of investigation; but the object of the 
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present paper was rather to discuss the methods of analysis, than to rely with con- 
fidence on the conclusions to which we might be led, by the more direet application 
of the results yet obtained, to the solution of the several important scientific and 
practical questions, upon which they bore. Tables were exhibited, showing the 
experimental results obtained in the estimation of ammonia in rain-water, by several 
different methods, In the first instance, they had distilled very large amounts (from 
100 to 200 pounds or more) of rain-water, to which a little caustic potash wag 
previously added, and repeated the distillation, collecting in each case about half the 
amount put into the retort, until the whole was reduced to a convenient bulk for 
further concentration in an open vessel, This was then evaporated, with a known 
amount of sulphuric acid, to a given volume; and measured portions of this final 
product were then neutralized by a standard alkaline solution, in the usual manner 
of liquid analysis. This method the authors conceived gave very good results; but it 
had been abandoned from the great practical inconvenience and frequent breakage, 
in conducting distillations in glass, on so large a scale. They had next ado a 
method substgntially the same as that of M. Boussingault, in which general nag 
nore than one litre of watey was operated upon. By this method, exceedingly minu 
actual amounts of ammonia could be determined, and in careful hands very valuable 
comparative results might be obtained. It appeared, however, that in relation to the 
average total amount of ammonia contained in a litre of rain, or other waters, the 
minimum error was generally not less than 4 or 5 per cent. of such total amount. 
The authors had therefore, in their more recent experiments, operated upon several 
litres of water in the first instance ; reducing it by successive distillations to one h 
until thus brought to a convenient amount, for final distillation—and the testin of 
measured proportional amounts of the product according to Boussingault’s method. 
This modification, which the authors found M. Boussingault had himself su ouees 
was considered to be important, and more applicable to this delicate subject 
inquiry than any of the others yet attempted. However, results obtained by their 
first method of farge distillation, by the side of those by Boussingault’s single distil. 
lation process, showed considerable coincidence; such as to give confidence in the 
general principle of the methods. The average of the determinations made in monthly 
mixed samples of the rain which fell at Rothanstet during more than a year, gave 
about I part of ammonia per million of rain-water; the average of many determina- 
tions made by Boussingault at Liebfrauenberg in Alsace was about four-fifths of this 
amount: whilst the estimations, both of M. Berral and M. Boussingault, at Paris 
gave as much as 3 or 4 parts, or even more, of ammonia per million of rain-water. 
it was interesting too, to notice, that the variations in the amount of ammonia which 
the authors had obtained, in the rain of different but entire months, when considered 
in connexion with the registered amounts of the fall, the direction of the wind, and 
the general characters of the weather, were perfectly consistent in kind with the re- 
sults of M, Boussingault in his special examinations of rain falling under different 
circumstances, of the water of dews, of fogs, &c. The process adopted by the au- 
thors for determining the nitric acid, was, to evaporate the rain-water with an alkaline 
carbonate, several times to dryness, to weigh the solid residue, and determine ity 
per-centage of nitrogen by Dumas’ direct volume-method of combustion with oxide of 
copper. ith some of the results thus obtained, however, they were not satisfied ; 
and they considered an accurate method for the determination of small quantities o 
nitrogen, or rather nitric acid, still a great desideratum. ‘They hesitated therefore to 
apply with confidence, all the results yet obtained, to the discussion of the important 
questions, with a view to the solution of which the investigation had been undertaken 
and which they hoped further to prosecute. As a general result, however, it would 
seem that the per-centage amount of ammonia was generally less in rain of thunder- 
storms, and when there had been a large fall of rain; the amount of nitric acid, 
on the other hand, seemed to be increased under the influence of storms. The results 
further indicated, that the amount of nitrogen yielded by rain-water in the form of 
nitric acid, was considerably greater than that which existed as ammonia; and, since 
there could be no doubt that nitrates applied as manures greatly enhanced the 
growth of plants, by virtue of the nitrogen they contained, the amount of nitrogen 
brought down from the atmosphere in the form of nitric acid, must be considered {a 
have a very important influence on vegetation. . 
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Note on the Presence of Lead in Hydrochloric and Nitric Acids. 
By Stevenson Macapam, PA.D., FCS. 


In the course of some analyses made with the view of determining, if possible, the 
presence of Jead in animal organisms, the author saw reason to suspect that the acide 
employed by him might contain lead. On testing these—which were the purest to 
be purchased from manufacturers—small but very distinct indications of lead were 
obtained. In commercial or impure specimens of hydrochloric and nitric acids, the 
lead is much more abundant. The importance of such a discovery in reference to 
searching for metallic poisons in organized tissues is so great, that the author would 
eaution analytical chemists against the use of the acids for such purposes without 
previously testing them for lead. 


Dn the Distribution of Iodine in the Mineral, Vegetable, and Animal King- 
, doms. By Stevenson Macapan, PA.D., F.C.S. 


" The author stated, that an experiment where 100,000 cubic feet of air were 
analysed; a second, where 80 gallons of rain water were examined; and e third, 
where 36 gallons of snow-water were tested, having failed to exhibit the minutest 
trace of iodine, he was satisfied that other and more carefully conducted experiments 
¢han those advanced by Chatin and his adherents were required before the statement 
of the presence of iodine in appreciable quantity in our atmosphere could be ad- 
mitted. Though rain water appears free from iodine, yet some spring and river 
‘waters contain a trace. In 100 gallons of the water forced into the houses of Edin- 
burgh, and there used for domestic purposes, the author discovered a minute quan- 
tity; and the ocean, as well as marine plants and animals, have been long known to 
contain the element in question. Terrestrial plants have more lately shown indica- 
tions of its presence, and Chatin and the author have published separate lists of a 
Jarge number of such plants. In examining plants and animals, the author refrained 
from adding any re-agent for the purpose of more immediately fixing the iodine, as 
be was not aware of any which would have been serviceable, without at the same 
time endangering the admiesion of that substance. Iv this, the present researches on 
the presence of jodine in plants and animals differs from any other which have been 
published. Chatin and others drenched their plants with potash previous to incinera- 
tion, and though the author does not question the presence of iodine in the few plants 
which they examined, yet he does not consider the process followed by them a good 
one. 

. In examining the plants, they were simply charred in a large covered iron crucible 
or chamber, carefully heated to a low red Peat. On cooling, the charred mass was 
ground to powder, and digested in water, which dissolved out all the soluble salts, and 
amongst these any alkaline icdide which the plant contained. On evaporating this 
diquid to dryness, a variable quantity of saline matter was left, which was treated with 
alcohol, heated, filtered, again evaporated to dryness, and ultimately dissolved in av 
mall quantity of water. This liquid was tested with starch, nitrate of potassa, and 
hydrochloric acid. Proceeding in this way, the author demonstrated the presence of 
jJodine in upwards of sixty plants, many of which are edible. Potatoes, wheat, barley, 
oats, beans, and peas afford a trace, and the ashes of the pear, the gooseberry, and 
the apple trees do so likewise. 

_ The presence of iodine in the food of animals necessitates its introduction into the 
system of the anima), and for a time at least its retention there. In the earlier trials 
the animal matter was burned, and the ashes examined, but in no instance was 
iodine found, I. .:.:ly, however, by adopting the system of charring, so successfully 
followed in testing plants, the author obtained minute but quite distinct indications 
of the presence of iodine in the cat, the dog, the pig, the cow, the horse, and man. 
In every instance but one muscle was the only part of the animal frame employed. 
In the horse, however, the lungs, liver, heart, spleen, and kidneys, as well as the 
muscle, were examined, and each organ yielded iodine. The milk and blood of the 
cow, and common eggs, treated in a similar manner, gave a like affirmative result, 
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Although not wishing to be considered as giving a positive opinion on the chemical 
condition in which iodine exists in vegetable and animal matter, the author thinks it 
worth while to notice, that, notwithstanding the same treatment being followed, he 
failed to find any iodine in new and fresh eggs, whilst in rotten eggs a very distinct 
quantity was detected. Now, whilst it is quite possible, and indeed probable, that 
from some slight and unknown cause, the iodine in the fresh eggs might have 
escaped, yet the author could not help speculating so far as to say, that the iodine in 
the fresh egg may exist in the free condition, or at least, not in combination with a 
metal; and that when the egg rots, the sulphuretted hydrogen produced may convert 
the iodine into hydriodic acid, which in the presence of the free soda of the egg will 
become iudide of sodium, a substance very much: less volatile than iodine itecl® 

The age of iodine from the animal system has also occupied the attention of 
the author. With no expectation of a successful result, but wishing to be able to 

ak experimentally on the subject, he wore a light, starched, gauze respirator for 
six nights, during which time (about fifty hours) the air inspired and expired must 
have come in contact with the starch. No blue or even rose tint was imparted to the 
gauze, and therefore no iodine had left the system by that road. Other experiments 
showed that the iodine compounds form no exceptivun to the genera] rule, and accom- 
pany the other saline matters in their passage from the animals. 

hilst the animal receives what iodine it requires from the plant, the latter in its 

turn, no doubt, obtains its supply from the soil: direct experiments a-e still wanting 
to substantiate its presence there, but the fact of its being uniformly a constituent of 
limestone rocks, necessitates, that when these are present in or applied to a soil, the 
latter must, to a greater or less extent, contain iodine. 


On the Cause of the Phenomena exhibited by the Geysers of Iceland. 
By Stevenson Macanpam, PAD., F.C.S, 


The present memoir, though specially bearing on the Iceland Geysers, is also 
intended to explain those found in California. The former are singled out, because 
our knowledge of them is somewhat extensive, and we are in a position to speak more 
confidently regarding any cause or force which may be urged in explanation of them. 
The phenomena to be accounted for are occasional jets of hot water, and steam pro- 
j with great force from beneath the surface of the earth, and alternating with 
comparatively lengthened periods of repose, during which all is quiescent. In en- 
deavouring to explain the cause of the phenomena in question, the author assumes 
that there exists in connection with each geyser, a subterranean chamber of large 
size; the floor of which is of a roundish form, and at a temperature of not less than 
340° F. At or near the roof there are fissures communicating with springs or 
reservoirs of water, by which the latter may be allowed to flow into the chamber ; 
the pipe or tube which passes from this cavity to the surface cf the earth, taking its 
rise from near the lowest part of the chamber. Without entering into details, the 
author assumes (as other writers on the geysers have done) that this tube has the form 
of an inverted siphon, the shorter limb of which communicates with the chamber, 
whilst the Jonger limb, assuming a tortuous course, at length forms the exit or emission 
tube of the geyser. Inthe course of events, water finds access by the fissures into 
the cavity, where, from the high temperature of the matter it falls upon, it is im- 
mediately compelled to assume the spheroidal condition, its temperature while in 
that state being 205°7 F. The water gradually accumulates, till at last so much has 
entered the cavity that the mineral floor can no longer keep the liquid in the 
spheroidal state ; the water in consequence touches the stony surface ; its temperature 
is almost instantly raised to 212° F., and large volumes of steam are generated. This 
steam in its passage to the mouth of the geyser encounters water lodged in the 
windings of the conduit; in this water the first portions of steam are condensed, till 
the whole is raised to the boiling point, when the steam, no longer compelled to lose 
its gaseous state, presses on the column of water and propels it from the exit pipe. 
Having thus cleared a path for itself, the remainder of the steam escapes with a sound 
more or less violent. ‘The author exhibited several diagrams illustrative of the forms 
which the several geysers might be supposed to present. He considered it quite 
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robable that some points in their arrangement might require to be altered, and what 
pe wished specially to impress on the Association was, that the spheroidal condition 
of water afforded a means of accounting for the occurrence of intermilient hols 
aprings generally denominated Geysers. 


On the Presence of Lead in Hydrochloric and Nitric Acids. 
By Stevenson Macavam, Ph.D., F.C.S. 


In the course of some analyses, made with the view of determining, if peesible, the 
presence of lead in animal organisms, the author saw reason to suspect that the acids 
mployed by him might contain lead. On testing these, which were the purest te 
e purchased from the manufacturers, small but very distinct indications of lead were 
obtained. In commercial or impure specimens of hydrochloric and nitric acids, the 
lead is much more abundant. The importance of such a discovery in reference to 
searching for metallic poisons in organized tissues is so great, that the author would 
caution analytical chemists against the use of the acids for such purposes, without 
previously testing them for lead. 


On the Preservation of Milk. By the Asst Motcno. | 

Thie was a description of the process invented by M. Mabbyy, which consists in 

expelling the air and gases from milk by heating it in tinned or glazed iron cylindesy 
to a temperature of 217°, in an atmosphere of steam. 


On the Estimation of Iron by the Method of Marguérite, and some Notes on 
the Preparation of the Standard Solution of Permanganate of Potash. 
By EGN ICHOLSON and Davip §. Prics, PA.D., F.C.S. 


The authors stated that an objection had been made to the precess proposed b 
Margutrite, to the effect, that the standard solution of the permanganate of potas 
was constantly changing, and that it was therefore necessary frequently to affix 4 
fresh value to it. They believed this was owing to its containing manganate of 
potash, a much less stable compound than the first-named salt, and that they had 
ound that a solution prepared either from crystals of the pure permanganate of potash 
gr by the method of Gregory,—care being taken in this case that the whole of the 
manganate was converted into the per-salt—would remain unaltered during a peried 
of many months. They also showed that the method at present adopted for fixing 
the ‘ standard ’ of such a solution, by dissolving iron-wire in hydrochloric acid, Jed te 
gn erroneous result, from the reducing action exerted by the impurities in the iron 
upon the permanganate ; and that it was necessary to employ pure peroxide of iron foy 
this purpose. 

They gave several other details connected with the employment of this test. 


On the supposed influence of the Hot-Blast in augmenting the quantity 
Phosphorus wen Tron. By Davin §. Paics, PA.D., F.C.S. s 


Dr. Asrizy P. Price communicated a paper on a new method of Alkelimetry, 
which consisted essentially of the following :—To the alkali under examination a 
known quantity of a normal solution of oxalic acid is added, and after expulsion of 
carbonic acid, the excess of the oxalic acid is determined by means of a standard 
solution of ammonia. By this method when applied to the testing of commercial 
alkalies, the impurities are directly estimated and the alkali indireetly, and constituting 
as the impurities invariably do by far the smaller proportion of the commercial alkalies, 
the valuation of their neutralizing power is more easily and accurately determined by 
this than by the usual method. . 
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. - Mr. 8:8 exhibited specimens of borate of lime, and stated that the nucleus of some 
of the pieces consisted of magnesian limestone; that they were also sometimes 
coated with crystals of nitrate of soda, chloride of sodium, glauberite and iodide of 
sodium. ‘The presence of iodine was demonstrated. ; 


On the Production of Sulphurous Acid Gas from the Combustion of Coal. 
By Joszex Spence. 

The apthor questioned the great benefit likely to be derived from the abolition of 
the smoke nuisance. The imperfect combustion of fuel, as carried on at present, only 
ted to an annoying deposit of carbon, and this Mr. Spence regarded as a healthy 
body. By the more complete burning of the fuel, this carbon would be oxidized into 
earbonic acid, a poisonous gas, and the sulphur at present escaping combustion would 
pase into sulphurous acid. He instanced the smoke-consuming movement in Mane 
chester, and observed that vegetation in the neighbourhood was being destroyed, 
owing to the very much larger quantity of carbonic and sulphurous acids which were 
now thrown into the atmosphere. 

_ Some discussion ensued when this paper was finished, and Mr. Lows remarked 
that those parties who did not admire smoke might obviate the inconvenience by 
consuming gas coke, as was done in the noble hall where they were assembled. 


On a new Electrical Battery. By W. Symons. 


_ The battery exhibited by Mr. Symons was composed of a series of plates made of 
a mixture of gutta-percha, bees’-wax, and shell-lac. A description of this battery wil] 
be found in the Pharmaceutical Journal for July of the present year. 


On the Re-cutting of the Koh-i-Noor Diamond. 
By Professor J. Tennant, F.G.S. 


At the meeting of the British Association at Belfast, the author gave some account 
of this diamond, and described some of the remarkable changes which it had under- 
gone, and on this occasion exhibited some interesting diagrams illustrating the ory- 
stalline form and cleavage of the diamond. Mr. Tennant now introduced the subject 
by drawing attention to the former weight of the diamond, compared with its present 
bulk, now reduced by cutting; and also to its mineralogical appearances. With 
regard to the history of this extraordinary gem, he stated that some people had 
actually disputed its authenticity, which caused some discussion amongst those best 
informed in matters of this description. At the Great Exhibition in 1851, an oppor- 
tunity had been afforded, such as was never previously enjoyed by the public, of 
studying the substance of a vast number of foreign valuable stones, and probably the 
Koh-i-Noor diamond was the most attractive in that valuable collection. The rough 
manner in which that diamond had been cut, however, had disappointed many w 
looked upon it, When the aun shone on it at noon-day the stone appeared pecu- 
liarly brilliant; but when the atmosphere was dull, it had merely the appearance of a 
thick piece of glass. This placed it in a very unfavourable position, and caused 
doubts to arise in the minds of some gentlemen as to its authenticity’ This diamond 
originally belonged to Runjeet Singh, who usually wore it npon his left arm, accord-. 
ing to the custom of Eastern potentates; and the original mounting was now in the 
hands of Her Majesty’s jewellers. The stone perfectly agreed with the drawing 
which had been made of it by Miss Eden, and also with the account given of it by the 
Hon. W. G. Osborne, who had published a very interesting description of the Court 
of Runjeet Singh, where the old man (who was blind and a cripple also) sat arrayed 
in a robe: of simple white, wearing upon his arm the Koh-i-Noor diamond, and sur- 
rounded by his eastern nobles. On special occasions, Runjeet Singh was in the 
habit of decorating his horse with this precious gem, together with numerous other 
valuable stones, mounted upon various parts of his harness. All authentic accounts 
of the East proved that the nobles were in the habit of decorating their horses in this 
manner; and the horse of Runjeet Singh was decorated with diamonds valued at 
£300,000, the great Koh-i-Noor being placed on the pommel of the saddle. Lord 
Auckland and his sister, the Hon. Miss Eden, had this diamond sent to them for in- 
spection in the East Indies, and Miss Eden’s drawings agreed with the appearance 
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of the diamond on its arrival in this country. Mr. Tennant then stated that in 1853 
he had given in a report as to the cutting of the Koh-i-Noor diamond; and after 
producing various models, Her Majesty fixed upon the present form, by which the 
widest spread of brilliancy was obtained. When the diamond was exhibited at the 
Crystal Palace it weighed 186 carats; its present weight, reduced by cutting, is only 
1024, carats. The Persian diamond weighed 130 carats, and the great Russian 
diamond 193 carats. After giving a description of the method of cutting diamonds, 
‘and the plan adopted for cutting the Koh-i-Noor, he observed that the late Duke of 
Wellington had been an interested spectator of the operation, and was a frequent 
visitor during its progress, It was finished in September 1852, and occupied thirty- 
eight days in cutting. Diamonds were usually reduced to one-half their weight in 
cutting; and he gave the exact weight of the Koh-i-Noor, in order to correct various 
erroneous statements which had been published on the subject. The finest diamond 
in France weighed 139 carats, and had cost £130,000; it was called the Regent, or 
Pitt Diamond. To arrive at an estimate of the value of the Kob-i-Noor, the author 
stated, that it was only requisite to multiply 102 (its weight) by 102, and then by 8, 
which would give £83,232 as its value. This rule would not apply to stones having 
defects, as instanced in the celebrated ‘“* Nassuck” diamond, for which the East India 
Company refused £30,600, and yet this stone, when submitted to public auction, 
fetched little more than £7000. The Koh-i-Noor is of the purest water. The author 
stated, that in order to test a real diannond, and distinguish between that and a 

it was necessary to try it with sapphire (No 9 in hardness), which would mark a 
topaz, but would not penetrate a diamond. He was sorry to find that so little atten- 
tion had been paid to the means of testing diamonds; and instanced a ring which 
was recently purchased in Regent Street, London, for £200, which proved to be two 
pieces of rock crystal, with an intermediate insertion of coloured glass. In many of 
our watering-places the gentry were imposed upon by parties selling pieces of glass, 
which they represented to be sapphires picked up on the beach. 


On the Physiological Properties of some of the Compounds of the Organie 
Radicals—Methyle, Ethyle,and Amyle. By James TurnButy, #f.D. 


The author commenced by saying, that considcring the vast number of new com 
ounds discovered of late years, it was surprising that so few cf real value should have 
Been added by inedical men to their stores of remedies. The progress of therapeutics, 
though disproportionately slow when compared with the advance of organic chemistry, 
was marked in our day by the discovery of a new and most valuable class of agents 
—the anzsthetics. The effects of the narcotic and antiperiodic alkaloids, morphia 
and quinine, were well understood; but nothing was known of any relation that 
may exist between their chemical constitution and the different actions they exert on 
the animal ceconomy. It is probable that an examination into the action of the arti- 
ficial alkaloids upon the system would throw some light on this subjcct. Already 
one of them, furfurine, has been found by Dr. Simpson to possess antiperiodic proper- 
ties like quinine. The physiological properties of the pure hydrocarbons were then 
alluded to: several of them were stated to act as local and genera] stimulants, and 
some of the volatile ones had been found to possess anesthetic properties, as had been 
demonstrated by Dr. Snow and Mr. Nunnerley with regard to benzine, and by the 
author with eupion and Persian naphtha. 


On the Production of Boracie Acid and Ammonia by Volcanic Action. 
By R. Wanrinoton, F.CS. 


The author stated that in 1841 a friend of his had visited the island called Volcano, 
situated about twelve miles north of Sicily. The height of the mountain Volcano 
is 2000 feet, and the depth of the crater 700 feet. ‘The sides of this depression are 
covered with a white snow-like substance about one inch in thickness, beneath which 
is a fused lava similar in appearance to the slag of « glasshouse. The boracic acid 
rises In vapour and condenses on the surface of the ground or in crevices at the 
bottom of the crater, from which abont 2000 tons are annually removed. It occurs con- 
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nected with sal-ammoniac, and the author considers that it exists originally beneath 
the surface us a nitride of boron. When steam is passed over this compound at a 
moderate red heat, it is completely converted into boracic gcid and ammonia, which 
are for the most part volatilized with the aqueous vapours. ‘This theory of the for- 
mation of boracic acid was considered by the author substantiated by the analysis of 
the slag beneath and the snow-like mass above. ‘The former contained nitride of 
boron, and the latter boracic acid and ammoniacal salts. 


On the Effect of Coloured Media on the Growth of Red Alga. 
By R. WARINGTON, F.C.S. 


On the Artificial Preparation of Sea-water for Marine Vivaria. 
G. i le rat 


The paper was a criticism on a communication made by Mr. Gosse, and contained 
in the ‘Annals of Natural History.’ Guiding himself by Schneitzer’s analysis, Gosse 
employed chloride of sodium, sulphate of magnesia, chloride of magnesium and chloride 
of potassium. Into a mixed aqueous solution of these salts, Gosse introduced various 
species of marine plants and animals; and for six weeks they throve and flourished. 

. Wilson considers, however, that the Jess abundant, but still essential, constituents 
of sea-water—such as carbonate of lime, sulphate of lime, phosphate of lime, fluoride 
of calcium, silica, iodine, and bromine—should not be absent, as these latter sub- 
stances are found in marine plants and animals; and it is therefore plainly evident 
that the medium in which they live ought to contain the same substances. It is, of 
course, quite possible that in a single aquarium the death of a certain portion of the 
animals might furnish calcareous salts, &c. for the growth and preservation of their 
survivors; and in like manner the death of a given number of plants might liberate 
iodides, bromides, &c., for the remainder. But this destruction of part of the 
occupants of the aquarium for the preservation of the other part might be easily 
avoided, as calcareous phosphates, carbonates and fluorides occur together in shells, 
corals, and many limestones. The arrangement of fragments of such calcareous 
bodies at the bottom of the aquarium would supply some of the missing ingredients ; 
whilst pieces of trap rock and a few grains of an iodide or bromide would afford the 
remainder. 


On the Sewerage of Manufacturing Towns. 
By Francis Wricutson, Ph.D. 


The analysis made by Dr. Wrightson of a natural deposit from the sewerage of 
Birmingham, formed near the embouchure of several sewers opening into the Rea, 
showed the absence of all ammoniacal salts, and the scarcity of phosphates, particu- 
larly alkaline phosphates, and at the same time the presence of a large quantity of 
protoxide of iron, also of zinc, copper, and other metals in the state of oxides and 
sulphurets. These metallic salts m the sewers absorb the sulphuretted hydrogen 
and ammonia generated by decaying vegetable and animal matter, and doubtless 
contribute to promote the health of the town. The deposit contained when dried 
only 1°4 per cent, of nitrogen (not as ammonia) and 3°5 of earthy phosphates ; but 
about 11-7 of protoxide of iron, besides zinc, copper, and other metals to the extent 
of two or three per cent. The author hoped these facts would not be lost sight of by 
corporations and other bodies interested in ceconomizing tuwn sewerage. . 
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GEOLOGY. 


On a curious Structure in the Silurian Slates of Peebleshire. 
By A. Brrson, FSA. Scot. 


Mr. Bryson exhibited specimens from the slates of Peebleshire, being very remark- 
able convoluted markings, which he at first referred to impressions of Graptolites 
Nicolii of Harkness. The depth of these convolutions, however, rendered the sup- 
position inadmissible. The only other method of accounting for these appearances 
was by sipposing them worn tracts filled up by matter deposited in them of a different 
molecular arrangement from the surrounding matrix. 


Prof. Buckman communicated a notice of two elephants’ tusks found in the Stroud 
Valley, Gloucester. . The largest was slightly curved, 10-feet.long, 3 feet in circum- 
ference, and 1 foot 6 inches in its greatest diameter; the other tusk was: curved 
to a greater extent. Remains of rhinoceros and hippopotamus were found in the 
gasne gravel. 


Prof. Buckman also sent an account of coal deposits in West Virginia. They 
eccurred on the banks of the tributary of the Ohio, 300 miles from Pittsburg, and 150 
from Cincinnati, and were covered by new red sandstone. There were five seams 
of coal, with a total thickness of 20 feet; one bed of splint coal was 10 feet thick, 
They contained Calamites, Stigmaris, and true coal-measure ferns. The grits below 
were like those of the Welsh coal-field, and nearly horizontal. At the top there was 
a little band of limestone, with Cyprides, like the Ardwick limestone of the Lane 
vashire coal-field. . 


Mr. P. P. Canrenter communicated a Notice of Land, Freshwater and Marine 
Shells, obtained from Mise Bright of Malvern, 100 feet deep, in sinking a well on the 
banks of the Avon, at Birlingham, Worcestetshire. According to Mr. J. Faulkner, 
the well-sinker, after passing through many gravel beds, the upper mixed with marl, 
a bed of rounded flints was met with, from 2 to 4 feet thick, containing teeth and 
fragments of bones of deer, elephant, rhinoceros, hippopotamus, boar, &c. At the 
bottom was a thin layer of sandy mud, with freshwater shells end rushes. The land 
and freshwater shells were existing British species of the genera Pupa, Succinea, 
Limnea (3 sp., including glutinosa), Ancylus, Valvata (2 sp.), Bithinia, Cyelas and 
Pisidium (4 sp., including Henslowianum in great abundance); the marine shells 
were Pectunculus glycimeris (rare), Ostrea edulis (young), Pecten (fragment), frag- 
ments of some sort of whelk, and two minute, undetermined bivalves, quite distinct 
from any known, either recent or in the crag. One is an Asfarte, very flat and tri- 
angular, with sharp ribs, like Gouldia Pacifica, C. B. Ad. The other is a ? Lucina, 
vomewhat the shape of L. columbel/a, with a deeply-cut lunule as in Opis, beginning 
with concentric ridges, then suddenly changing into radiating ribs. Drawings of 
these were exhibited. 


On the Great Terrace of Erosion in Scotland, and its Relative Date and 
Connexion with Glacial Phenomena. By Ropert CHAMBERS, F.RSB5 
@ @ e Sc. 


This terrace is very conspicuous, at 20 to 30 feet above the sea, along the Frith of 
Clyde, the Islands of Bute and Arran, and coast of Argyle, but is less remarkable on 
the east coast of Scotland. The shells found on it are all of recent species. On the 
west coast the hills generally slope smoothly to the present beach, broken only by the 
well-defined rectangular cut of the great terrace, which forms a Jevel platform, seldom 
less than 100 feet wide, at the base of a vertical cliff, often 40 feet Nigh. The cliff 
is perforated by many caves, and sometimes rough with overhanging stones; whilst 
fantastic masses of harder rock occasionally rise up from the platform. This terrace 
is considered to indicate the sea's action during a much longer time than the present 
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beach has existed, and to have been formed at a period of some comparative geolo- 
gical antiquity. On the north-west coast of Arran the ancient sea-cliff is 50 to 100 
eet high; and the opening of Glen Iorsa is filled to a considerable height with ter- 
races of detritus. The lower part of this detritus is composed of blue clay and small 
half-worn boulders: over it is a bed of coarse gravel and then fine sand. Some 
the detritus has been thrown over on the face of the cliff itself, showing its origin to 
have been posterior to the incising action of the sea, by which the terrace was formed. 
The surface of the drift is not less than 140 feet above the sea-level, and it {s consi« 
dered to be the product of a glacier once filling Glen Iorsa. The coarse sand and 
gravel indicate periods at which the land occupied different levels and the sea pene- 
trated into the valley ; thus it becomes clear that the date of the terrace of erosion 
is anterior to the period of sub-aérial glaciers, and that this again has been followed 
by an immersion ; a succession of events requiring a great length of time. 


Farther Observations on Glacial Phenomena in Scotland and the North of 
England. By Rosert Cuamsers, F.R.S.E., F.G.S. &c. 


The author referred to his former attempt to establish a distinction between au 
early general operation of ice over the surface of Scotland, by which the boulder clay 
was formed, and a more recent presence of valley glaciers in the chief mountains 

tems, bearing as its monument a looser and coarser detritus, like the moraines of 

e Alps. The latter is supposed to have taken place without the presence of the 
sea; the former with the sea or with ice covering so large a surface as not to allow 
of drainage,—just as on the west coast of Northern Greenland, Dr. Rink has shown 
that continental ice of vast thickness is continually advancing from the interior to 
the coast, and there breaking off in icebergs. 

Additional examples of true moraines, or sub-nérial glacial deposits, have been 
observed in two of the valleys of Ben Macdui, Aberdeenshire, where conspicuous 
terminal moraines occur at various stages; in Glen Dearg four of these occur, a mile 
or two apart,—the height of one of them is 130 feet, the bottom of the valley bein, 
about 1700 feet above the sea. In the valley of the Dee, the lateral vale of Muic 
has alao a remarkable series of moraines at a much lower level. In the Tay valley 
below Aberfeldy, not more than 300 feet above the sea, there is moraine matter; and 
near Garth Castle are some more recent terminal moraines of the same glacier. These 
and other examples show that glaciers have been in Scotland, wherever the moun- 
tains approach 3000 feet. 

Another class of Scottish moraines ie connected with shallow recesses of the more 
elevated mountains, being placed in front of them, as if masses of snow had gathered 
till an outward movement took place, carrying coarse detritus for a few hundred 
yards. One of these exists in Benmore Coigach, near Ullapool, and the moraines 
which confine Lochs Whorral and Brandy are of the same class. Loch Skeen, Dum- 
friesshire, is formed by another such moraine, the hills being 2600 feet high, and the 
lake 1600 feet. In front of a similar recess to the westward are other lines and humps 
of detritus ; but there is no lake, the water having escaped by a passage still as clear y 
defined asa gate in a wall. A similar recess-moraine occurs in the valley of Loc 
Ranza, Arran, 50 feet above the sea, a furlong in length, with an opening in the 
centre ; the recess is occupied by a morass. 

In the lake district of England the author had obtained additional evidence of 
glacial action in the Thirlmere valley, where it enters the cross valley below the Pass 
of Dummailraise, which connects it with the Grasmere valley. There is a remark- 
able double ridge descending the hill side, about 30 feet high, its surface bristled with 
blocks, like the train of detritus of a glacier 300 or 400 feet deep, coming down the 
Thirlmere valley; further down are other heaps of detritus along with rounded and 
scratched rocks. 

The author's lest observations on the two sets of glacial phenomena were made at 
the Scotch mountain Schiehallion, which rises from a base 1100 feet above the sea to 
the height of 3600 feet, and is composed of quartz rock. It is abrupt to the west- 
ward, and tails away to the east; the top of the ridge in thickly strewn with loose 
slabs. About half-way up, and above the level of Ferragon, the highest mountain to 
the eastward, there are examples of striated surfaces, and others within a few hundred 
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feet of the summit; the direction in both instances being west 30° north, or the same 
as that of the mountain ridge. About 800 fcet below the summit a block of granite 
was found, and other foreign blocks were noticed in several places. These facts 
show that the whole mass of this Jofty hill has been involved in the general glacial 
action. The detritus of the neighbouring valleys is of the kind produced by sub-aérial 

laciers; but at the Pass called White Bridge, the summit-level east of Schiehallion, 
there is a deep bed of true boulder clay with many worn and striated blocks; it lies 
gut of the way of valley glaciers, and has escaped removal by their agency. 


Mr. CoarteswortH exhibited and described several new vertebrate fossils :—t1. 
Vertebree, supposed to be cetacean, from upper greensand of Cambridge, in the 
cabinets of the Rev. T. Image and Mr. Reed, of York. Their structure was extremely 
dense, and the ends marked with radiating grooves as in mammalian vertebre, 
which have lost their epiphyses. The bodies of these vertebra were depressed, 
giving an elliptical section, and on the dorsal surface was a ridge instead of the usual 
spinal canal. The vascular foramina were large. 2. Part of the lower jaw of a new 
mammal (Stereognathus ooliticus, Ch.) from the Stonesfield slate, in the cabinet of 
the Rev. J. Dennis, of Bury. This was the fifth quadruped of the Stonesfield slate, 
and must have been twice the size of any of the others. The specimen was part of 
the centre of one division of the lower jaw; its curvature was very slight, and the 
concavity below. The section, where it was broken across, was rectangular, and as 
wide as deep. ‘The syrface presented no trace of sutures or vascular lines. Three 
teeth remained, occupying half the length of the fragment, and one of these had six 
similar cusps arranged in two rows. 3. The skull of a new mammal, named Platy- 
cherops Richardsonii (Ch.) feom the London clay of Herne Bay; about the size of 
the Hyracotherium, but quite distinct, having very prominent zygomatic procemes, 
and the crowns of the molar teeth being furnished with one large tubercle occupying 
two-thirds of the surface, and several small complicated tubercles inside. 4, Teleo- 
saurus ischnodon (Ch.), a new species, in the Museum of the Yorkshire Philosophical 
Society, with teeth very closely crowded, leaving only a slender bony partition 
between the sockets. 


On some of the more Recent Changes in the Area of the Irish Sea. 
By the Rev. J. G. Cummaina, .A., F.G.S. 


All the recent changes in the relative level of Jand and sea, indicated in the Isle of 
Man, appear to have extended to the surrounding coasts of Britain and Ireland. The 
eriod of the boulder clay was marked by a cold climate and the subsidence of the 
island and surrounding coasts to the extent of at least 1600 feet; and, during the re- 
elevation of the country, there was an interval, when the land was stationary at about 
15 feet above its present level. The sea-bed of the great drift gravel was tken left 
dry, forming an extensive treeless plain, connecting the Isle of Man with the sur- 
rounding countries, England being at that time united to the Continent. This was 
the second elephautine period, in which the great Irish stag (Cerous megaceros) 
became an inhabitant of the Isle of Man, along with other animals whose remains 
are fuund in the freshwater marls occupying basiu-shaped depressions in the gravel 
plain. The marl basins and the plains themselves were afterwards covered with vege- 
tation, and are still often occupied with beds of peat, containing forest trees; but, 
during the same period, the sea was quietly eating back its way into the terrace of 
drift gravel, until the Isle of Man became insulated and the further immigration of 
animals and plants was arrested. Cliffs of drift gravel occur on all the coasts of the 
island, sometimes capping the hard rocks, at othera retiring a little distance inland. 
The form of the channel, and the greater waste of the pleistocene deposits in the 
south of the Isle of Man, show that the action of the sea was chiefly from the south ; 
and its higher level is proved by the numerons water-worn caves, above the highest 
modern tides, along the whole southern and western shores. A still later change is 
indicated by the submerged forests, on many parts of the coast, which appear to have 
grown after the formation of the gravel terrace, during a temporar elevation, by 
which the bed of the Irish sea was once more laid dry. Whether the fast subsidence 
took place during the historic period is a question yet to be determined. 
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On the Submarine Forest, Leasowe. By Jonn CunninonAnm, F.G.S. 


A section of the strata of the alluvium to the depth of 56 feet was exhibited in the 
following descending order, viz.— 


First boring on the Marsh. 
Surface. 
< Sand. 
< | Peat in which the trunks of trecs are imbedded. 


~~ 


< | Stiff blue clay in which the trees grew. 


Red clay intermixed with turf at top, below with blue veins and sand veins. 


rs 
. =) 
= 


& 
~ 


Quicksand penetrated to the depth of 4 feet only. 


Second boring about 8 feet under the surface level of the Marsh outside of the base of 


embankment. 


ba | Red clay mixed with blue veins and sand. 


Brown clay with sand beds from 2 to 3 inches thick, and from 5 to 7 feet 
apart. 


The circumstance of trunks and roots of large trees being found below low-water 
level, has induced a belief that a subsidence of the shore at Leasowe, the opposite 
shore at Formby, and of the estuary of the Mersey has taken place from deeply- 
seated subterranean action similar to what is now going on in the south of Sweden. 


If the subsidence of those places referred to be due to deeply-seated subterranean 
action, then the rocks at New Brighton lying a little way to the south of the space 
operated on, as also Hilbre Islands and Hilbre Point, the latter immediately adjacent 
to the submarine forest, all composed of the new red sandstone, would have mani- 
fested some degree of sympathy with the area under the depressing influence, but no 
such evidence exists in any of those places. They maintain the same elevation they 
had centuries ago, while, on the contrary, the shores adjacent are known to have 
subsided several feet within the last thirty years. The cause of this subsidence must 
therefore be referred to some other operating agent or agents than to subterranean 
action. 

The borings recently made under his superintendence, of the strata in the alluvium 
shown in the sections, prove their permeability to water, being composed of sand and 
clay beds alternately to a very considerable depth, 

The abrading action of the tidal currents on the edges of the strata prepares a 
ready means of escape for the water and sand from underneath the clay during the 
refluxes of the tides, and the hydraulic pressure of the water at a higher level in 
the permeable strata, forces the sand from underneath the clay beds ; hence the sub- 
sidence of the shore, &c. . 

The clay bed near the surface in which the trees grew, together with the super- 
imposed peat or vegetable matter, resist the abrading power of the water longer than 
the other materials. They therefore remain on the surface and descend conformably, 
with the lower strata undermined, and consequently become submerged even under 
the level of low water. . 
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Abrasion of the surface of the shore takes place also to a eonsiderable extent ‘by 
the alternate frosts and thaws that occur during the winter months. 

The submarine forest on the Formby shore is supposed to be due to the same 
causes that operate at Leasowe. 

A section was shown of Bidston Marsh, which forms a continuation of the fiat 
shore at Leasowe, having also the remains of an ancient forest imbedded in peat in a 
similar manner. . The levels taken of the surface upon which trees now grow in the 
S.E. corner of the marsh, and of the surface upon which the roots of the ancient trees 
exist, prove the difference to be only 18 inches, i.e. the surface upon which the 

iving trees now grow is 18 inches higher only than the surface upon which the 

forest trees flourished, and therefore Mr. Cunningham conceived that forest trees 
could flourish as luxuriantly on the present surface of the marsh as those of the 
Uniclétt forest. _ 

Mr. Cunningham had entered into some speculations as to whether the extensive 
fiat lands on both sides of the estuary were encroachments of the land upon the sea, 
how far those encroachments extended, or whether the whole of the flat lands were 
not simultaneously elevated to their present level. These questions, although inter- 
esting and intimately connected with the subject of the submarine forest, were lef 
for-future consideration, 


On an Ichthyoid Fossil from India. By Sir Pair Ecerton, Bart. 
" Sir Philip Egerton stated the results of his examination of what had been sent to 
e Section as “a fossil tooth from India,” by Mr. Oldham. From the examination 


he -had made, he was convinced that the organism was not a tooth, but a dorsal scale 
of some large ganoid fish, the species of which had not yet been ascertained. 


On the Discovery of Microscopic Shells in the Lower Silurian Rocks. 
* Prof. Enrenserc. (Communicated by LEonarp Horner, F.R.S.) 
The minute grains of greensand, which are characteristic of many rocks, have 4 
different fiature froni the green earth often met with in concretionary masses. The 
former, from the glauconie of the Paris calcaire grossier to the azoic Lower Silurian 
greensand near Petersburg, appears to consist of green opalescent casts of Polytha- 
ia, composed of a hydrosilicate of iron. The cretaceous greensands of 
contain, tnmistakeably, these stony casts. In the caleaire grossier and nummulité 
es oecur beautifully preserved and perfect examples of Quingueloeulina, Ro- 
talia, Textularia, Grammostoma and diveolina, In the Lower Silurian greensand 
casts af detached cells of Textularia aud Nedosaria were found. 


On the Foliation of some Metamorphic Rocks in Scotland. 
By Professor Epwarp Forses, F.R.S. 


. I¢ was of great importance to geologists to distinguish between lamination, cleavage, 
and foliation : the first resulted from original planes of deposition ; the second was @ 
induced structure, dividing rocks into laminz of similar constitution, not com- 
ident with the lines of bedding; thirdly, foliation was the division of a rock inte 
laminee of different mineral condition. Cleavage had been attributed by Prof. Sedg- 
wiek, its firet definer, to electrical action; by Mr. Sorby, to a mechanical force; and 
by .Mr. D. Sharpe, to mechanical and chemical influence. The foliation of mice 
te, or separation of its mineral constituents into distinct layers, had been sometimes 
attributed to metamorphic action on layers of different coristitution ; Mr. Darwin had 
considered it identiced with cleavage, and due to the same cause,—the one passing 
into the other: the same view has been maintained by Mr. Sharpe. Prof. Forbes 
agreed with those who considered it a superinduced structure quite distinct from 
vage or lamination. 
The author then referred to examples of foliated structure; in a roadside 
at Crianlarich, near the head of Loch Lomond, where the metamorphic limestone i 
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hot distortéd, and exhibits distinct lines of bedding, df & pale blue colour, caused’ by 
the ptesence of iron; also lines of different mineral matter, the lamine frequently 
curved round nuclei; and dark lines of crystals of calcareous spar produced, perh Pai 
by the metamorphism of bands of fossils. In the upper part of the quarry the lime 
stone becomes “holiated with mica,—the foliation Bein at first parallel with the 
bedding, then becomes wavy and contorted, is affected by small faults, and contains 
nuclei of calcareous spar, and at length passes into a mica slate. At Ben Os there i¢ 
a caiciferous band in the mica slate, which, having the same strike with the Crian- 
larich beds, may eventually prove a guide in unravelling the structure of the country 
Two miles from Inverarnon there is a bed of porphyritic trap in mica slate, and thé 
foliation on the sides of the trap is conformable. Four miles from Inverarnon, in « 
quarry of trap, which sends large and small veins into the mica slate, there is evidence 
_ Of a second foliation having taken place, following the small veine of trap. Near 
Tarbert the mica slate is foliated and contorted; and a bed of calcareous grit cutd 
through it, without disturbing the relations of the curves and lamine. In a slate 
arry at Luss, the foliation accords in the main with the cleavage, as observed by 
r. Sharpe, in the corresponding district; but whilst the foliation curves round the 
nuclei of quartz, the cleavage abuts against them. Foliation has also been noticed in 
the baked rocks of Salisbury Cr 
Prof. Forbes concluded,—1, that foliation was a superinduced structure; 2, that i¢ 
was distinct from cleavage; 3, that it was not of mechanical origin, but a chemical 
phenomenon; 4, that it was, perhaps, induced by more than one agency, 


On the Occurrence of a True Cretaceous Formation in the South of Africa. 
By Capt. GARDEN and W. H. Batty, of the School of Mines. .* 
Prof. Forbes stated, that the supposed cretaceous rocks discovered in South Africg 
by Dr. Krauss were really oolitic; but that Capt. Garden had found in Natal an 
extensive stratum containing truly cretaceous fossils. The species were new, and 
had been described by Mr. Baily. Figures were exhibited of dmmonites, Baculites, 
Inoceramus, Trigonia, Hemiaster, &c. 


On the Geology of India. By G. B. Grernovuan, F.R.S., F.G.8. 


The author commenced this Report by observing, that the study of organic remaing 
is the corner-stone of modern geology, and that much more of the history of the earth 
may be learnt from these than from the nature and properties of inorganic matter, 
The idea of a definite succession of mineral masses can no longer be maintained ; 
each formation containing its own sandstones, clays and limestones, regularly or irre- 
gularly occurring. The same bed changes its mineral character in different countries, _ 
or even in the same country, and sometimes in the same quarry. By contact with an 
igneous or plutonic rock, a sedimentary rock will often be so disguised as to defy 
recognition. The transformation of lias into Lydian stone, Jurassic limestone intd 
dolomite, chalk into marble, sandstone or clay into jasper, prove how unsafe it is to 
place implicit reliance on mineralogical character. ; 

The prodigious quantity of plutonic rock, which occupies both the northern and 
southern portions of India, is not the product of any one, but rather of all epochs; 
and probably many secondary beds stil exist in that country as yet undiscovered. 
The parts least known are Cashmere and Nepaul, the west coast of Guzerat, and 9 
large area in Orissa and the adjoining country. ‘The following is a very brief abstract 
of the Report, which was illustrated by a large coloured map of the whole country :— 

Post-Tertiary.—Regur, or Cotton Ground, a species of trap-tuff, resembling Nile 
mud or the black earth of Russia. It spreads over the table-land of the ceded districts 
and Mysore, and flanks the Neilgherries and Salem lrille—covering almost the entire 

lateau of the Deccan, but has not been observed in the Konkan. It contains ng 

fossils. Kunker, a concretionary substance analogous to the travertin of Italy, filling 

up fissures and cavities of the beds beneath it. Bones of the Mastodon have been 

found in it, and the more recent beds contain fragments of pottery. It is used as a 

bh building stone, and largely in the production of lime. 

 Gootin, Chunam, a local name for an argillaceous limostone used for building iy 
6* 
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Bengal, Behar, Benares, &¢., occurs in nodules in the alluvium, which at Calentts 
is 500 to 600 feet thick. Near Benares it contains fragments of freshwater shells, 
South of Madras, a dark clay abounds in marine shells used for lime-burning in pre- 
ference to the beach shells, as freer from salt, 

Laterite, or brick stone, of Buchanan, resembles the trass of the Rhine and the 

Piperino and Puzzolana of Italy. It extends to Malacca, Siam, Sumatra, Singapore, 
&c, It caps the loftiest summits of the Eastern and Western Ghauts, and = an 
average thickness of 100 feet, forming gentle hills or wide terraces, and sometimes 
spreads out into sheets from a few inches to 250 feet thick, terminating in a mural 
escarpment, and intersected by valleys which widen like river-courses, and are fiat- 
bottomed. Caverns are not uncommon in this rock. At Travancore are beds of 
black clay and lignite, 50 and 60 feet thick, in the laterite cliffs. 
- Pliocene and Miocene,—In the salt range of the Punjaub, the uppermost bed con- 
tains bones of elephant, horse, ox, great antelope, hyena, &c., and may be assumed 
to be a continuation of the Sevalik formation. On the plain between the British 
territory and Thibet is a boulder-deposit, containing bones of Hippotherium, Rhino- 
ceros, Elephant, and various Ruminants. Bones of the Mastodon and other mammals 
are found in Perim Id., in the Gulf of Cambay, and in the territory of the Nizam. 

Eocene.—The clay of Caribari cliff, N.E. of Bengal, was described by Mr. Cole- 
brook as resembling the London clay, and containing shells, fish palates, and defensive 
spines, similar to those of Sheppy. Major Fulljames describes a clay with i 
like London clay, met with in sinking a well north of Gogo; it was reached at 35 
feet, and not passed through at 356 feet. Clay, with shells generically like those of 
the London basin, has been found on the banks of the I rawadi, in Birmah. Silicified 
shells were found by Voysey, between two layers of trap in the Deccan. 
of chert and argillaceous stone, containing sand and freshwater shells (of the genera 
Bulimus, Succinea, Unio, Melania, Limnea, Physa, Paludina, and remains of Cypris 
and Chara,), are found entangled in the trap, or scattered over its surface, in the 
Sichel Hills. 

Nummulite beds encircle the Persian Gulf, follow the chain of Elborus, and the 
table-land of Iran; reach the mountains of Caubul, and the Western Himalaya, 
descend the Solyman chain, and follow that of Hala to the mouth of the Indas; 

ass again east along the flank of the Himalaya to the confluence of the Ganges and 
Brahmapootra, They have been traced along 25° or 26° in longitude, from Beloo- 
chistan to east of the meridian of Calcutta, and over 12° in latitude from the Runn of 
Cutch to the north of Cashmere. 

Cretaceous.—It would appear that a branch from the main body of the chalk 
extends from the Taurus to the head of the Persian Gulf. The cretaceous beds of 
the Deccan were first described by Newbold in 1840. The fossils of Pondiche 
were pronounced by Prof. Forbes Neocomian,—those of Verdachellum and Trichi- 
nopoli equivalents of the upper greensand and gault, M. D'Orbigny considered the 
whole Senonian, or of the age of the chalk. The collections include many genera 
previously considered characteristic of the Tertiaries,—Cyprea, Oliva, Triton, 

erita, and numerous species of Voluta; and it was inferred by Prof. Forbes that 
these genera made their appearance earliest in the Eastern seas. Rocks resembling 
the greensand, and especially the Kentish rag, were observed by Dr. Jack in Sumatra, 
and soft white chalk with Echini at Bencoolen. Cretaceous beds also occur in 

eo. 

Jurassic or Oolitic System.—Kelloway rock (Callovien). The representatives of 
this formation were found in Cutch by Capt. Grant, consisting of slaty clay and cal- 
careous slate, in horizontal beds, forming hills capped with sandstone, containing 
varieties of Trigonia costata, Ammonites Herveyi, &c. 

Oolitic coal—The relative position of the Indian coal has hitherto baffled research, 
but it may perhaps be classed with the Brora coal. In Cutch it underlies the Kello- 
way sandstone, and is everywhere intersected with dykes, slips, and other dislo- 
cations. 

Oxford clay—fuller’s earth.—In the part of the Himalaya examined by Capt. 
Strachey the Pande limestones and shales parallel with the Silurian ridge were 
several thousand feet in thickness, the upper portion being in some places almost 
made up of fragments of shells, some of the species resembling forms in the commbrash 
and fuller’s earth. Above these are soft dark shales, with hard nodules containing 
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Ammonites and Belemnites of the age of the Oxford clay; the Ammonitic rock 
probably extended to the eastern part of Nepaul. They occur at an elevation of 
m 18,000 to 19,000 feet, and are held in superstitious estimation by the natives. 

The Oolitic series forms an important element in the rocks of eastern Afghanistan 
and Northern India. It is known to extend from Cutch on the south along the whole 
line of hills that flank the Indus, and it forms the scarp of the table-land of Afghan- 
istan as far as the salt range in the upper Punjaub. Oolitic rocks have been observed 
along the route to Caubul and to the north of that city. North of the great snowy 
peaks of the Himalaya they follow the southern border of the table-land of Thibet. 

tn the Rajpootana a number of peculiar marbles occur, of which the Taj Mahal 
and the palaces of Jodpoor, &c, are built. Amongst these is a /umachelli or opaline 
shell marble, probably of Jurassic age; white, granular marbles are found in the 
Deccan, and are also metamorphic and of partial occurrence. 

Numerous beds of gypsum occur in the Madras Presidency, but their relations are 
uncertain. 

The Diamond Sandstone of Golconda is a more or Jess compact breccia, red and 
white, without fossils; its exact age is unknown. Salt springs occasionally break 
out from the sandstone or its vicinity, With the subjacent limestone, it covers large 
areas, in almost horizontal layers; but at the edge of the plains of Cuddapah it rises 
in highly-inclined strata immediately upon granite. Traces of coal are said to exist 
in the diamond sandstone N.W. of Nagpoor, and abundantly along the valley of the 
Nerbudda. 

Burdwan Coal.—At Burdwan the character of the coal is slaty. The genera of 
plants are partly English, some Australian, some peculiar. Of the English genera 
four occur in the coal measures, viz. Sphenophyllum, Poacites, Calamites, and Pe- 

teris. 
Tar assic of Deccan.—It has been ascertained by Messrs. Hislop and Hunter that 
the great trap deposit of the Western Ghauts rests on a sandstone, with vegetable 
remains, chiefly ferns, Pecopteris, Cyclopteris, Sphenopteris, Equisetites, many species 
of Glossopieris, and the Vertebraria Indica, which also characterizes the Burdwan 
beds. At Godavery was found the Lepidotus Deccanensis referred by Sir P. Egerton 
to the lower oolite or lias. 

Trias.— New Red Sandstone—Red marl. The sandstone of the Bandair hills and 
Sagar is referred to this formation. According to Mr. James Hardie, the New Red 
with salt may be traced through the Baralpur northward through Delhi, and there 
connected with the salt and gypsum-bearing rocks in Lahore, Moultan, &c., south- 
wards towards Cutch, perhape to Persia, forming a zone round the great elevated 
formation of Central India, and separating it from the primary. Muschelkalk has 
been observed by Capt. Strachey, north of the valley of Niti, Himalaya. The fossils 
resemble those of St. Cassian, but the species are all distinct. Twenty-five species 
were collected, belonging to the genera Ceratites, Goniatites, Ammonites, Spirifera, 
Terebratula, Chonetes (2), Pecten, Pholadomya. 

Carboniferous Limestone.—Organic remains collected by Dr. Fleming in the lime- 
stone near the bottom of the escarpment of the salt range, Himalaya, include Pro- 
ducia cora and Athyris Roysii. 

Devonian? Kala or salt range.—The chief supply of salt is derived from the range 
between the Jhelum and the Indus. According to Dr. Andrew Fleming, the gyp- 
seous red marl, with rock salt, lies at the very base of the section, beneath the bitu- 
tminous shale, with lignites and carboniferous limestone; and he assigns it a place 
among the Devonian rocks. However, less pure rock-salt and salt springs occur in 
the outer ranges of the Himalaya, in what are believed to be Eocene strata. The 
bituminous shales abound in iron pyrites, from which alum is prepared exactly as at 
Whitby ; the manufacture has been carried on by the ancestors of those now engaged 
in it for eight generations. No fossils have been found in the saliferous beds of the 
Punjaub. 

Suurian.—The higher regions of the Himalaya afford many forms of Trilobites, 
Mollusca and Zoophytes, characteristic of the Silurian period, very similar to those 
of Europe ; not one, perhaps, specifically identical with them. 


On Crustacean Impressions from the Trias of Dumfries. shire. 
- By Professor Hanxness, £.G.S. 

‘It was well known that footprints of reptiles were abundant in the New Red Sand- 
stone of Dumfries. Those now exhibited were compared to leech-bites in form, and 
were believed to be left by crustaceans. They came from an upper bed of sandstone, 
quarried at Corse Hill, north of Annan. The layers were sometimes ripple-mark 
and channeled as if by rills of fresh water trickling over a shore. 


' On the Anthracite its and Vegetable Remains occurring in the Lower 


Silurians of the of Scotland. By Prof. Harkness, F.G.S. 
These strata form the high land south of the Firths of Forth and Clyde, and have 
& general inclination to the N.N.W. The highest beds are on the northern side of 
the range; and consist, near Girvan, of limestone and sandstone, with fossils of the 
Landeflo rocks. To the southward, fossils are rare; but near the lowest part of the 
series, at Glenkiln, nine miles from Dumfries, organic remains are found in beds of 
anthracite, resting on 1500 feet of unfossiliferous purple and grey sandstones and 
shales. The fossils are Graptolites sagittarius, Diplograpsus pristis, and D. ramosus; 
Siphonotreta micula occurs with the Graptolites in a thin bed of black shale at the 
base of the anthracitic beds, At Duff-Kinnel, crustaceans of the genus Dithyrocaris 
have been found. These fossils do not account for the carbonaceous matter in the 
black shales, but indications of “ fucoids ‘’ have been found; and it is supposed that 
much of the hydrocarbon of these beds has been lost through the influence of mecha- 
hical forces. Fucoids of the genera Palaochorda and Chondrites are found in the 
tipple-marked flags of a much higher part of the series, north of New Galloway, 
unaccompanied by anthracite, but associated with a zoophyte (Proto-virgularia) and 
tracks of Annelids. The anthracitic beds were supposed to have derived their car- 

bonaceous matter from sea-weeds floating like the gulf-weed of the present day. 


On Mineral Charcoal. By Professor Harxness, F.G.S. 


’ This substance occurs in the form of a black pulverulent silky-looking substance, 
er a granuler powder, in almost all descriptions of coal, but is most abundant in those 
beds which appear to have resulted partially from drifting. This appears to have 
been the case in Nova Scotia as well as in Great Britain, At Sanguhar, the culm- 
stone coal, which has a rvof of fine indurated clay, indicating tranquil water, contains 
little mineral charcoal, whilst in the ‘“ Creepy coal,” which hus a flaggy roof, the 
charcoal is abundant. Microscopically examined, the charcoal appears to consist of 
cellular or glandular tissues; the fibrous parts especially resemble the texture of the 
Calamodendra of the Lancashire coal-measures. 


On Annelid Tracks the Representatives of the Millstone Grits in the 
; County of Clare. By Professor Harkness, F.G.S. ° 

‘The peculiar markings regarded by the author as tracks of Annelids are best deve- 
loped in the certain greenish grey flags which occur at Kilrush and Kilkee, north of 
the Shannon. They have the form of meandering tracks, half an inch across, with 
crenated margins and a central line, with croas-lines between, apparently indicating 
the segments of the body and organs of locomotion. In the Jark-co oured flags 
below, the tracks are sinuous, but rarely crenated, and occur on the laminge as well 
as on the surfaces, and look like filled-up burrows of marine worms, and sometimes 
terminate upwards at funnel-shaped depressions. 


eee 


Abstract of Paper explanatory of a Geological Section, extending from the 
_ Island of Little Eye across the Peninsula between the Estuaries of the Dee 
. and Mersey to the East of Liverpool. By Epwarp Hutt, F.G.S., of the 

Geological Survey of Great Britain. oo 
After describing the section, which was plotted to a natural scale, extending more 
than 11 miles at 8 inches to the mile, with a datum line of 1000 feet below the level 
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of high-weter mark, Mr. Hull went on to remark that the new red sandstone from 
the base of the red marls downwards consisted in this neighbourhood of four well- 
marked subdivisions, which are arranged under the following heads:-~- 


Ist. Waterstones. 

2nd. Upper soft red and variegated sandetone. 
3rd. Coarse red sandstone and conglomerate. 
4th. Lower soft red and variegated sandstone. 


It has been demonstrated by the work of the Government Geological Surveyors, 
that these four subdivisions are constant along the borders of Wales, from the Mersey 
to the Malverns, and extend thence into the central districts, where, though one 
or more of the subdivisions are occasionally absent, yet the strata which do occur 
always present lithological characters by means of which they can be arranged under 
either of these subdivisions. Through the knowledge obtained from this classifica- 
tion, nearly all the faults affecting the trias, of which there are a great abundance, 
have been laid down on the maps of the Geological Survey, and their amount of 
dislocation can generally be calculated. On the section, nine faults, the directions 
of which approximated due north and south, were drawn; and their amount of downe 
throw, varying from 1050 feet to 80 feet, was marked; and the total thickness of the 
new red sandstone from the base of the marls was stated to be from 1400 to 1500 
feet, in the district between Liverpool and Chester. In the border counties, the 
New Red (Bunter) attains its maximum thickness. Jn the shires of Nottingham, 
Derby, Stafford and Leicester, the 2nd and 4th members of the series are very thin, 
or entirely absent; and the whole formation is represented by the 2nd member, 
under the form of coarge pebbly sandstone or quartzose conglomerate, from 100 te 
200 feet thick. 

Jt was shown that the Conglomerate beds and Waterstones form two conglomeritie 
and often calcareous horizons; and that from the base of the Waterstones downwards 
the New Red Sandstone might be considered as a great deposit of soft variegated sand 
without pebbles, separated into two nearly equa! portions by sandstones of a hardey 
quality, coarser grain, and generally conglomeritic; the whole presenting four seras 
in the history of the New Red Sandstone in England, during which similar physica} 
conditions of sea and land maintained at alternate periods. 

_ In application of the work executed by the Geological Suryey in the New Red Sand- 
qtone districts to practical purposes, Mr. Hull stated that we are now able to tell the 
depth below the surface to which the base of the New Red extends, so that we were 
made acquainted with those localities where (ceteris paribus) there was the greatest 
probability of finding coal at moderate depths. Observations were then made con- 
cerning the favourable and unfavourable circumstances to be taken into consideration 

where borings for coal were proposed in areas occupied by the New Red Sandstone, an 

the modifications produced by the probable presence or absence of Permian and upper 
Coal Measures, while the absolute necessity of having an accurate knowledge of the 
arrangement of the strata around areas occupied by productive Coal Measures, in order 
to success in any such undertaking, was strongly urged. | 


The One-Inch Map of the Northern Part of the County Wicklow, geologically 
coloured. By J. B. Juxgs, F.R.S,, F.G.S. 


Mr. Jukes stated that the data were all laid down on the great six-inch map, and 
preserved as public documents. He recommended the adoption of shades of lake for 
the felspathic rocks, and green for the hornblendic series. 


Mr. 8. Knire exhibited several sections in the neighbourhood of Liverpool. 


General Observations on the Palaeozoic Rocks of Germany. 
By Sir Ropgricx Impry Morcuison, D.C.L. F.R.S. §e. 


This communication by Sir R. Murchison was stated to be the general outline of 
a deteiled memoir to be offered by Prof. J, Morris and himself to the Geglogical 
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Society of London; his chief object being to extend the fourteenth chapter of his 
recently published work ‘ Siluria,’ on the Primeval Succession in Germany. 

To render his views clear, he exhibited a large tabular view in which order of 
superposition of all the sedimentary rocks of Germany was given, from the lowest 
known ‘grauwacke,’ in which no fossils have been detected, through an ascending 
series of Silurian, Devonian, Carboniferous and Permian rocks; the latter overleid 
by the Trias or lowest group of the mesozoic or secondary rocks. 

Referring to Barrande’s remarkable work, the ‘ Bassin Silurien de Bobéme,’ he 
firat sketched briefly how a vast pile of unfossiliferous schistose rocks was succeeded 
near Prague by what that author termed his ‘ Zone Primordiale,’ with its Trilobites, 
Cystidese and Orthide (the equivalent of the Lingula flags of North Wales or 
basement Silurian rocks of the Geological Surveyors of Britain), and how that was 
followed by an enormous mass of schists, coarse grits and quartzites, referred by 
Barrande from its fossils to the age of the great mass of Lower Silurian (Llandeilo 
and Caradoc), as originally published in the ‘ Silurian System.’ 

The only characteristic representatives of the Upper Silurian known in Germany 
occur in this district of Bohemia, where a considerable thickness of shale and mounted 
by limestones, represent the Wenlock and Ludlow formation of Britain. Several, 
however, of the species which in England are typical of the one and the other of these 
rocks, occur in the same Bohemian bed; i. e. Ludlow rock forms are mixed up with 
others in a stratum occupying the place of our Wenlock shale. 

In the Southern Thiiringerwald and in the parts of Saxony to the east of it, the 
ascending order from a great unfossiliferous base (chloritic and quartzose grauwacke 
slate) is succeeded by the Lower Silurian, described as such by Geinitz, Richter, En- 
gelhardt and other native geologists, because it is charged with Nereites, Graptolites 
and Trilobites, including Ogygia Buchii, with Trinuclei, Orthides and other Silurian 
fossils which occur in black slate with some limestones and shale. With the foesils 
enumerated the ascending series stops; there being no trace of Upper Silurian. The 
Lower Silurian slates are there at once covered transgressively by the Devonian, 
and chiefly by the Cypridina schists and Clymenia limestone (Kramenzel stein of 
the Rhine). The latter rocks contain a remarkable number of plants, discovered by 
M. Richter, of very peculiar forms, and which are about to be described by Prof. 
Unger. They are surmounted by a considerable expansion of the Lower Carboni-~ 
ferous strata, viz. micaceous, brown and yellowish sandstones, with plants well 
known in deposits of that age. Near Hof this group contains limestones with Pro- 
ducti of species known in Britain and France, as formerly pointed oat by Prof. 
Sedgwick and the author. 

The Devonian and Lower Carboniferous rocks have been subjected to the same 
undulations, and are perfectly conformable to each other, and in the southernmost 
extremity of the Thiiringerwald are seen to be abruptly separated from the coal- 
fields “‘ Steinkohlen Gebirge,” composed of grey sandstone and schist, which, charged 
with numerous common coal plants, are often worked, to a small extent, under a 
wery great thickness of the Rothe-todte liegende, or Lower Red Sandstone of Eng- 
and. 


The Harz Mountains are entirely deficient in the unfossiliferous bottom rocks of 
Bohemia and the Thiiringerwald, and also of the great development of Lower Silurian 
exhibited in each of those chains. The sedimentary rocks of the Harz which Prof. 
Sedgwick and the author examined together on two former occasions, first in the 
year 1828, and afterwards in 1839, are so dislocated, and so often inverted in posi- 
tion, as explained in a former communication, that their true physical order is 
to be detected amid the confusion which has been produced by the eruption of 
granites, porphyries, diorites, hypersthene and other igneous rocks, as well as by 
the metamorphism which large masses have undergone ; the schists and slates having 
been often converted into massive “ hornstone " around the chief masses of granite. 

The author, however, expressed his belief, that all the members of the Devonian 
group, or Rhenish grauwacke of the Germans, from the Spirifer sandatone and slates 
upwards through the Wissenbach slates and Eifel limestone, to the Upper or Cly- 
menia limestone, are there present, and that these are succeeded by some schists 
often in the slate of Kiesel Schiefer, by others containing the well-known Posid 
Becheri; whilst in one tract rocks of this Lower Carboniferous age consist of a 
dark limestone with characteristic fossils of carboniferous age. ‘The comperison 
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which has been worked out in some detail by M. Adolphe Rémer, who is still occy- 
pied in that labour and in completing a map of this highly complicated tract, was in 
a general sense approved of. But in a future communication, the author and his 
companion Prcf. Morris, will endeavour to show, in relation to one of the opinions of 
M. Romer, that in reality all the strata in the Harz, including the Wissenbach slates, 
may be found to occupy the same relative position as in the region of the Rhine. 
The chief object of Sir R. Murchison in revisiting the Harz region was to deter- 
mine if certain rocke in ites eastern extremity, which have been laid down and 

as Silurian by M. Adolphe Romer, are really of that age: he reminded his 
auditors that it was just in this tract that Prof. Sedgwick and the author himself 
anticipated fifteen years ago that the oldest rocks of the chain would be found, The 
discovery of the fossils which decide the case is due to M. Jasche of Elsinburg, and 
M. Bischof of Migdesprung. In one small bose of limestone (not exceeding 10 feet 
in thickness) and subordinate to the slates on the N.E. flank of the mountains, the 
former has discovered fossils of the genera Orthis, Terebratula, Lepiena, Spi- 
vifer, Pentamerus, Trilobites, &c., few of which are British species, though others 
more numerous are identified with Bohemian fossils described by Barrande from 
his uppermost Silurian stages. At Magdesprung the limestone subordinate to a great 
thicknees of greywacke schist and flagstone was formerly alluded to by Prof. Sedg- 
wick and the author, who in their hurried visit detected no organic remains except 
Encrinites, though they were aware that Trilobites had been found there many years 
ago by M. Zincken. Looking to the mineral aspect of these schists and limestones 
which differ from any others in the Harz, and judging from the fossils, the greater 
number of which are of types more ancient than those of any known Devonian rock, 
the author believes that the grauwacke around Harzgerode, in which limestones 
protrude at several other places besides, may be referred to the uppermost Silurian, 
and placed on the same level as one of the highest stages of M. Barrande. The flag- 
stones of this uppermost Silurian grauwacke, which has much the aspect of the 
Arbroath paving-stones of Forfarsbire, are remarkable in containing a Calamite or 
Knorria, which is the largest plant ever seen hy the author in rocks of such high 
antiquity. 

Tnth. Rhenish country it was found that the Wissenbach and Caub slates had been 
perfectly identified by the brothers Sandberger through a community of fossils, and 
that Clymenie had been found in the Cypridina schists of Nassau ; thus identifying 
these rocks with the Kramenzel-stein of Westphalia. The most striking new dis- 
covery in this region is one with which the author was unacquainted when he pub- 
lished his recent work, viz. that the quartz rocks of the Taunus, about whose place 
in the series 80 much discussion has taken place, are now found to be the youngest 
of all the rocks on the right bank of the Rhine. In their trend to the E.S.E. they 
part with their highly metamorphosed character, and being regularly bedded and in- 
terlaminated with shale, have there been shown by M. Ludwig of Nauheim (in maps 
aud sections) to overlie the series of Rhenish Devonian rocks, consisting of ascending 
order.of slates, Spirifer sandstone, Wissenbach slates, Eifel limestone, &c. In these 
overlying quartzites large plants like Calamites have been discovered, and as they 
lie transgressively upon the Devonian rocks, they are considered to be of the Lower 
Carboniferous age. 

Of the Permian rocks around the Harz and Thiiringerwald, Sir Roderick then 
gave an account, in which he pointed rpecially to the enormous thickness of their 
base, i. ¢. the Rothe-todte liegende (the Lower Red Sandstone of England). He 
corrected the error of supposing that any appreciable amount of coal occurs in this 
deposit ; the mineral as found at Wettin, Ilmenau and other places being in a grey 
and totally distinct matrix, entirely beneath al] the red rocks; though rare and 

artial, thin courses of coal are seen in one of the divisions of the “ Rothe-todte 
iegende,” the chief of which, in Saxony, has afforded the remarkable Permian 
Flora, described as such by Gutbier and Geinetz in their ‘ Permische System in 
Sachsen.’ On the other hand, at Rotheberg, near Eisenach, these red rocks have 
been pierced to a depth of about 1200 feet without offering a trace of coal, and at 
Eisenach a boring commenced at 800 feet beneath their conglomerate summits, has 
been made to the depth of 2000 feet more, the whole in this Lower Red Sandstone, 
without reaching the Carboniferous series, 
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. The characteristic plants of this rock, as seen at Kifhauser and Eisensch, axe 
silicified Psaronites, The uppermost beds of the Rothe-todte, of a greyish and light 
colour (‘‘grau liegende” and “ weiss liegende ’’), are exposed in natural sections on 
the N.E. flank of the Thiiringerwald, where they are surmounted by bituminous 
schists and the Kupfer Schiefer with its fossil fishes. 

' The Zechstein offers in its details all those mineral and zoological distinctiong 
which have been pointed out in the works of Sedgwick and King, the one on the 
Magnesian Limestone, the other on the Permian fossils of England; the principal 
distinction in Germany consisting of enormous interpolated masses of gypsum. Siz 
Roderick then explained why, in proposing the word Permian, he had further in- 
cluded in thia group a certain portion of schistose and partly calcareous red rocks 
which everywhere overlie the Zechstein or Magnesian limestone, and often con- 
stitute ridges separated from the ‘‘ Bunter Sandstein,” properly so called, or base of 
the Trias. In this way he considered the Permian (which in Russia, whence he 
derived the name, has mottled copper sandstones with plants and conglomerates far 
above the Zechstein) to be an under Trias; the Zechstein limestone being placed 
between two red formations, 

Though only indirectly connected with the object of this communication, the 
tabular view exhibited the chief divisions of the true German Trias or base of the 
secondary rocks with its profusion of large Saurians ; attention being specially called 
to the entire change of animal life in passing from the Permian or uppermost Palmo- 
goic into this lowest Mesozoic or secondary rock, though the one was perfectly con 
formable to the other: in other words, he demonstrated how, in the long lapse of 
time, the primeval creatures had dwindled away and finally expired, to be succeeded 
by entirely new creations. 

In the course of this exposition Sir Roderick also called particular attention to the 
recently published geological map of the Thiiringerwald by M. Credner, in which 
many minute lithological distinctions are marked, and everything connected with the 
order of the rocks above the coal, and all the stages of the secondary rocks, most 
correctly inserted,’ The only desideratum is that the German author should appl 
thereto the distinctions of Azoic, Silurian, Devonian and Lower Carboniferous; all 
of which natural divisions are included in his older and younger ‘Grauwacke.’ 
~ In speaking generally of the Carboniferous rocks of the Continent, Sir Roderick 
exposed to the Section new plates of a work by the able Belgian paleontologist, M. de 
Koninck, illustrating all the forms of shells which bave recently been discovered in 
the Carboniferous limestone and shale at Bleiberg in the Carinthian Alps. He 
alluded to the circumstance of Prof. Sedgwick and himself having, twenty-five years 

o, first mentioned some striking species of large Producti well known in Britain, 
which they found in that locality ; but the Belgian Professor has much augmented the 
list in the work about to be published at Vienna, which records the remarkable fact 
that out of seventy-five species twenty-five only are new, the remainder, or fifty, being 
forms identically similar with those of the same age in Belgium, France, Britain an 
America; thus proving the very wide if not universal diffusion of these ancient 
marine animals. 

It was further stated, that Hermann von Meyer has collected materials to prove 
that the Archegosaurus of the coal of Saarbruck is as true a Labyrinthodont Saurian 
as any one of the Trias, Sir Roderick also adverted to a very curious discovery of a 
richly fossiliferous mass of white and pink muschelkalk to the north of Halle by 
M. Giebel, which Prof. Morris and himself visited with that palzontologist, and 
which, besides charaeteristic shells of the Muschelkalk, contains forms never before 
seen in that formation. 

In commenting upon the spread of the Trias through Europe, the author jally 
called attention to a letter just received from M. de Verneuil, announcing the dis- 
covery of true Muschelkalk in several parts of Spain, accompanied by numerous fossils, 

The communication terminated with a general résumé, in which the author 
ticularly directed attention to a roughly coloured map of Germany in which he had 
inserted the main direction of the Palzeozoic rocks of Fe Rhenish Provinces, Saxony 
and Bohemia, as being the prevalent strike from N.E. to S.W., whilst in the Harz, 
N. Thiiringerwald and the Riesengebirge, deposits of the same age, i. e. from Silu- 
rian to Lower Carboniferous inclusive, had been wrenched into a transverse or N.W. 


¢ 
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and S.E, direction, accompanied by extraordinary metamorphi (Tioditoned boy the af. 
jntrusion of granites, porphyries, and other eruptive agents. a ae che 


> 
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- Sir R. FI. Moncnison exhibited a slab of Old Red Sandstone, sent by fcieud---~~ 
and coadjutor the Rev. T. T. Lewis, the chief contributor to the elucidation of Siluri 
who had lately discovered rippled surfaces and trails of animals in the Old R 
Sandstone of Puddlestone, near Leominster. The tracks were of two kinds, one set 
perhaps produced by a mollusc, the other by a crustacean. 


On the Structure of Lunar Volcanic Craters. 
By James Nasmytn, F.RA.S. 


This communication was illustrated by a model of the lunar volcano Copernicus 
and a diagram of Simpelius; each of which consists of a plateau, with central cones 
eurrounded by a ring-shaped elevation, exhibiting concentric ridges or terraces. 
The circular elevations were supposed to have been formed by the accumulation of 
materials erupted with great energy to various distances, according to the intensity of 
the force; giving rise to concentric ridges, or terraces of deposition, which are often 
nearly entire circles, one within the other. Besides these, there are other terraces, 
forming only segments of circles, within the principal rings, which were attributed to 
the agency of landslips: these in most instances correspond to notches in the edge of 
the crater, from which they have slipped, and their débris has rolled over the plateau, 
towards the centre. The central cone was attributed to the last expiring efforts of 
the eruptive action. - 
_ In the diseussion which followed the reading of his paper on the above subject, 
Mr. Nasmyth took occasion to state as the result of a very long course of most 
eareful observations and mature reflection thereon, that he is convinced and satis- 
fied that no active volcanic action exists now on the surface of the moon; that he 
gonsiders volcanic action to result from the forcing up through the cooled and con- 
solidated surface of a planet of some portion of the yet remaining molten matter 
of which all planets in their normal condition consisted ; that as the mass of the 
moon is only about ,ind part of that of the earth, while its surface is the .,th; and 
as the comparative rate at which such masses in planets cool down from an original 
molten condition is in the relative ratio of their mass divided by their surface, the 
moon must have become a cooled and consolidated planet ages sooner than the 
garth, and its active volcanic sera have terminated proportiona ly sooner; that for 
these reasons he considers volcanic action as an expiring pheenomenon, and that in 
the lapse of time all active-volcanoces will cease on the earth, as he is satisfied they 
have long since done in the moon. 


On the Subdivisions of the Paleozoic Rocks of Scotland. By D. Paar. 


Mr. Page commenced by remarking the present undetermined superposition and 
relations of these strata, and the frequency of such allusions in published works 
that the “older rocks of Scotland seem to belong to the Lower Silurian;” “ the old re 
sandstone and carboniferous system appear to graduate into each other;” and more 
recently still, “the carboniferous rocks of Scotland admit of no subdivision.” Such 
statements, he thought, must arise either from the limited observations of the writers, 
or from their acquaintance only with the published deecriptions of Scottish rocks, as 
given to the world twenty or thirty years ago. Having directed attention to several 
sections taken across the Scottish basin, from the Grampians on the north to the 
Lammermuir on the south, he passed over the lower slates and old greywacke grits, 
which were yet imperfectly determined—and which he would reserve for another 
occasion—-and commenced his proposed subdivisiong with such strata of the old red 
sandstone, or Devonian rocks, which contained remains of fishes. By taking this 
starting-point, or basis, and which was the same as that advocated in Sir Roderick 
Murchison’s recent work ‘ Siluria,’ he cut off a considerable portion of strata hitherto 
classed with the old red sandstone, believing they would yet be found to belong to 
Silurian strata, as would also be other underlying schists hitherto classed with the 
Clay-slate system, The old red sandstone, as thug based, was subdivisible into three 
great groups, which, in the absence of better terms, he would designate, ‘“‘ Lower or 
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grey group,” the “ Middle or red group,” and the “ Upper or yellow group.” The 
grey group consisted of laminated flagstones and rusty-coloured sandstones, with ecca- 
sional beds of carbonaceous shales. he second group consisted of red and chocolate- 
coloured sandstones and conglomerates, with beds of cornstone or concretionary lime- 
stones ; and the upper group of thick-bedded yellow sandstones and variegated maris. 
The lower and middle groups were typically developed in Forfur and Fife, the upper 
group especially in Fifeshire. In some of the conglomerates (which were simply con- 
solidated gravel and shingle) there were, he thought, evidences of ‘‘ice drift’ in the 
smoothed and scratched boulders, particularly in their peculiar aggregation, which 
was strictly analogous to the piling up of shingle and gravel and clays on the Arctic 
shores, as described by Deas and other Arctic voyagers. Paleontologically, the lower 
or grey group was characterized by abundant terrestrial vegetation, by ichthyolites, as 
the Cheiracanthus, Osteolepis and other spiny-finned fishes described by Prof. Agassiz, 
and by crustacean remains, as those of the Pterygotus and other undescribed sessile- 
eyed genera. The red group was entirely void of vegetables, and characterized more 
especially by the Ceph apie, Coccosteus and other bony-cased fishes; and the upper 
or yellow group by such fishes as the Holuptychius, Platygnathus, and other ordinary 
finned fishes, With regard to the carboniferous system, as developed in Scotland, he 
proposed to divide it into three or four great groups:—lIst, ‘“‘ The lower coa)-mea- 
sures;” 2nd, “The mountain limestone;’ ari e millstone grit;” and, 4th, 
“The upper or true coal-measures.” The lower group, mineralogically speaking, 
consisted of thick white bedded sandstone (Craigleith and St. Andrew's) beds « of fire- 
clay, shale, thin seams of coal, and peculiar beds of freshwater or estuary limestones 
—this limestone being thick and compact as at Burdiehouse and Burntisland ; or thin, 
and entirely composed of shells, as in the east of Fifeshire. The mountain limestone, 
though not so fully developed as in Derbyshire and Yorkshire, was yet characterized 
by the same marine fossils, viz. corals, testacea, and fishes. The millstone grit was 
very imperfectly developed ; but the true or upper coal-measures were fully developed, 
and consisted of frequent alternations of sandstones, fire-clays, shales, coals, ironstones, 
and impure limestones not containing encrinites or marine fossils. Palzeontologicall 
speaking, the lower group was well marked off by the marine beds of the yellow sand- 
stoue beneath, and the mountain marine limestone above. Its organizations were 
more of an estuary character, and, though containing many of the same vegetables as 
the true coal-measures, he thought they indicated frequent specific distinctions, The 
mountain limestone was also well defined, whether in its shales or Jimestones—its 
organisms being strictly marine in character, and not to be mistaken; namely, corals, 
encrinites, shells of the Productus, Terebratulz, Spirifer, &c., and occasional Trilobites. 
The millstone grit and upper coal-measures, though containing bands of mussel-like 
shells and teeth of the Megalichthys, were prinefpally characterized by those Sigillaria, 
Stigmaris, Tree-ferns, Culamites, and other plants which mark all true coal-fielas 
Restricting himself to the series above described, he avoided the consideration of 
some upper sandstones, &c., which appeared to belong to the Permian; he would 
propose for Scotland, at least, the following subdivision of the old red sandstone and 
carboniferous systems :—Carboniferous: 1. upper coal measure; 2. mountain lime- 
stone; 3. millstone grit; 4. lower coal-measures. Devonian: Upper yellow group; 
middle, or red group; lowet; or grey group. Adopting the maxim that the fullest 
development of strata should be taken as the typical classification, Mr. con- 
cluded his exposition by suggesting the adoption of the “ Yellow group” of the old 
red sandstone and the ‘“ Lower coal-measures” into the published classifications of 
British deposits. 


On the Structure and Texture of Stratified Rocks, as a means of 
the {onditions under which they are formed. By D. PAGE. 


_ Mr. Peacu exhibited specimens of Old Red Sandstone, containing bitumen and 

silicified wood (?), from Gallows Hill, near Thurso, and othera from the dark flag- 

stones of Wick, Caithness; also examples of the Wick flagstone, containing layers 

of broken and compressed shells (?) larger than the “‘Cyclas”” found by Mr. Dick at 
urso. 
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Mr. J. Patcr invited attention to the geology of a little district, of carboniferous 
limestone, at Llysfaen and Penmaen Rhos, near Abergele. The drift here assumed 
four distinct appearances :— lst, flattish boulders of micaceous sandstone, with Tere- 
bratula, were strewn over the surface of the elevated sheep pastures; 2nd, the slopes 
towards the sea were thickly covered with drift, composed of native limestone in a 
semi-bouldered state, often scored with parallel lines, the fragments being sometimes 
18 inches across ; 3rd, drift of very smooth pebbles of limestone, in a matrix of highly 
comminuted lime gravel; 4th, a gravel pit at Tyn-y-coed contained pure sea-sand 
and gravel of small pebbles like the present beach: one of the pebbles had been per- 
forated by the Cliona. There were also lumps of clay stuck over with pebbles. ‘This 
spot was now three-quarters of a mile inland, and 300 or 400 feet above the sea level. 


On the former probable existence of Paleozoic Glaciers. 
By Professor A. C. Ramsay, F.R.S, 


Admitting the probability that the earth may have cooled down from a molten 
condition, the author is of opinion that no trace of that refrigeration can be detected 
(as regards the climates of the globe) since the formation of the oldest fossiliferous 
strata; or, in other words, the internal heat of the planet has not by radiation exer- 
cised a climatal influence within any of the known geological periods. The Silurian 
fanna is not essentially tropical in its characters. e Coal-measure flora, once con- 
sidered tropical, has more lately been pronounced by Dr. Hooker indicative of a 
moist, equable, and probably a temperate climate; and if the Ammonites, Nautili, 
and reptiles of the Oolitic and Cretaceous epochs in these latitudes really lived in 
warmer seas than ours, the circumstance must be referred to changes in physical 
geography rather than to any direct climatal effects Produced by internal heat. He 
then proceeded to show evidence that glaciera and icebergs had existed in these 
latitudes during a part of the Permian epoch, and that also in the secondary rocks 
there were probable traces of the same actions in some of the beds of the Bunter 
sandstone. 

Where the Permian rocks are best developed in the central counties of England, 
they consist of interstratifications of red marls and calcareous sandstones, in the 
higher part of which, near Enville, are two beds of calcareous conglomerate. About 
200 feet above the highest of these is a mass of trapoid breccia, which is again suc- 
ceeded by maris and sandstones. Excepting a fragment of the stem of a tree found 
by the Geological Survey in the calcareous conglomerate, no Permian fossils have 
been found in these rocks in the areas referred to in this notice. Above the Permian 
rocks the Bunter sandstone has been divided as follows :— 


5. White and brown sandstones with interstratification of marl. 
4. Upper variegated sandstone (mostly brick red). 

3. Coarse sandstone, conglomerate, and pebble beds. 

2. Lower variegated sandstone (mostly brick red *). 

1. Permian. 


_ The trappoid breccias ¢ occur on the flanks and summits of parts of the Malvern 
and Abberley range, where they rest directly on the Silurian strata. On the banks of 
the Severn near Stourport and Bewdley, Worcestershire, and in an isolated patch 
about five miles west of Bewdley, they lie upon the coal-measures; in the neighbour- 
hood of Enville, Worcestershire, they occur near the top of the Permian strata, and 
they form the highest exposed Permian beds at the southern end of the South Staf- 
fordshire coal-field, where they constitute the range extending from Clent Hills to 
the Bromsgrove: Lickey, &c. They vary in thickness from about 100 to 300 feet ac- 
cording to locality. 

The fragments found in the breccia are not derived from the Permian beds lower 
in the series on which it rests in South Staffordshire and near Enville, nor yet from 
the Coal-measures, Old Red Sandstone, and Silurian strata on which it lies in the 
Malvern, Abberley, and Bewdley districts; nor is it probable, taking the physical 


® This order of superposition has lately been established by Mr. E. Hull. 
+ Adopted from Prof. Phillips’ nomenclature. See his work in the ‘ Memoirs of the Geo 
logical Sarvey of Great Britain,’ vol. ii. part 1. 
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structure of the country into account, that they were formed from the waste of rocks 
now concealed beneath the upper and lower New Red Sandstones of these or of 
neighbouring areas. In lithological structure they can generally be identified with 
the Cambrian rocks of the Longmynds, and the Lower Silurian slates and igneous 
rocks, &c., that overlie these between the Stiper stones and Chirbury in Montgomery= 
shire. They are enclosed in a hardened paste of fine red marl, probably analogoug 
to the boulder clay of Pleistocene deposits. The included fragments and blocks 
consist of greenstone, felstone, felstone porphyry, felspathic ash, hard ribboned slate, 
such as occurs north of Shelve, quartz rock, purple and green sandstone and alate, 
black slate, and sandstones and limestones containing Silurian fossils. Very few of 
the stones are well-rounded. Many of them are angular, moet of them are sub. 
angular, and have those flattened surfaces common in fragments found in moraines. 
They are frequently well-polished and occasionally scratched. They are of all sizes 
up to 4 feet in diameter. If they came from the Longmynd district, in places they 
have travelled at least fifty miles, and there is evidence from the outcrops that even 
now in their fragmentary state they occupy an area of from twenty-five to thirty-five 
miles in diameter, while there is perhaps much more concealed beneath the surface. 
Had they formed sea beaches they would probably have been rounded by the waves, 
and there is nowhere any sound proof brat they were scattered abroad 

marine floods. Blocks 2 feet and more in diameter are not moved along sea bottoms 
by tidal currents; and considering their size, angularity, polish, occasional scratchi 

in straight and sometimes parallel lines, and also the matrix that encloses them, the 
author believes that they were deposited from icebergs, derived from glaciers that 
rose in the ancient land of the Longmynds and the overlying Lower Silurian strata. 
The Longmynds are now only 1900 feet above the sea, but on their eastern side be. 
tween the mountains and the breccias, there is in the great Chureh Stretton fault a 
downthrow on the west of about 1500 feet. This fault is at least, in part, and 
haps altogether, of later date than the New Red Sandstone, so that the relative levels 
of the Longmynd rocks and of the breccias were not the same as at present when 
the latter were deposited. , 

Traces of a similar glacial action occur in the Bunter sandstone on two horizons; 
first in a part of the pebble beds near Bewdley (No. 3), and Jater at the base of the 
white and brown sandstones (No. 5) between Stourport and the Abberleys. 

The author has elsewhere shown that the Longmynd and Shelve rocks were once 
covered unconformably by more than 3000 feet of Upper Silurian rocks, and probably 
also by a great thickness of Old Red Sandstone. If the previous reasoning be correct, 
we get a date for the denudation of these strata which must have been removed 
before the epoch of the Permian glaciers, 
It may hereafter appear that the phenomena above described are connected with 
the paucity of organic remains in a large part of our Permian strata and in part of 
the Bunter sandstone. 


On the thickness of the Ice of the Ancient Glaciers of North Wales, and other 
points bearing on the Glaciation of the Country. By Professor A. C. 
Ramsay, F.R.S. 


The principal object of this paper was to prove that the ice of the greater glaciers 
of North Wales was about 1300 feet thick; that the valleys of Lianberis, Nant- 
Francon, &c., were in fact partly filled with ice at least of that thickness. This was 
inferred by observations analogous to those by which it has been shown that the ice 
of the Swiss glaciers was formerly of much greater thickness than at present. The 
observations were made with Adie’s sympiesometer. The directions of the grooves 
and scratchings were carefully mapped by compass, and their heights above the 
bottom of the valleys determined. The author has previously shown in a paper in 
the Journal of the Geological Society, that there were two sets of glaciers in North 
Wales since the ground assumed its present general form. The first wes on a le 
ecale, and it was probably at this epoch that the ice attained its greatest thickness, 
perhaps at the very time when the Swiss and Himalayan glaciers were on a much 
grander scale than at present. At this period, in Wales, the glaciers, as proved by 

€ groovings, passed straight across the tributary valleys of the Pass of Lianberis te 
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a height of about 1300 feet above the bottom of the main valley. Similar phanomens 
were observed in Nant-Francon and elsewhere in Wales. In the case of the Pass of 
Llanberis the ice and snow must have been more than 600 feet thick at the top of 
the Pass to give the necessary inclination for the flow of the ice down the valley, for 
the lowest watershed at the top of the Paes is only about 1000 feet above the sea 
level, whereas the highest parallel groovings that follow the course of the main valley 
farther down are about 1600 feet above the level of the sea. The country was sub- 
sequently depressed to a depth of about 2300 feet, the cold still continuing, and glaciers 
on a smaller scale passed out to sea, and round the coasts marine moraines were de~ 
posited. Further out at sea, on Moel Tryfan and in other places, marine deposits 
with shells were formed either contemporaneously with these marine moraines, of 
during subsequent oscillations of level by the re-arrangement of the moraine matter. 

During the last emergence of the land the moraine-drift was cleared out of several 
of the greater valleys by the second set of large glaciers (Nant-Francon, Llanberis), 
but in others the drift still remains damming up many of the mountain lakes, These 
latter glaciers gradually decreased in size, evidence of which may be found in the 
moraines that occur in the valleys at different levels. In Cwm Glae in the Pass of 
Llanberis, there are several left by a retiring glacier, some of them arranged concen- 
trically one within another, and this glacier finally disappeared in the highest recesses 
of the valley immediately north of the ridge of Crib-goch. The groovings made by 
these later glaciers often pass across those made by the greater preceding glaciers. 
Their moraines frequently form the dams of lakes, and the rochee mouéonnés of the 
country are often strewed with roches perchés which they have left. In the higher 
parts of the minor valleys the grooves converge towards the hollows, in the manner 
that might be expected from the ice pressing or flowing downwards to feed the main 
acy streams. 

The Island of Anglesea in many places exhibits the effects of ice. Large tracts 
are rounded, smoothed, polished, grooved and scratched, and in spite of the rough- 
neas produced by subsequent waste, the general form of the ground gives the idea 
of its having been moulded by ice. The groovings generally run from 25° to 30° 
north of east, passing along the sides end-apperently over hills several hundred feet 
high. The direction of these furrows seems to have no connexion with the mountain 
glaciers of the Snowdon range. It has been customary to refer these and similar 
markings in the low lands to the drifting of icebergs. This solution does not appear 
altogether satisfactory. 


On the May Hill Sandstone, and the Paleozoic System A England. 
By the Rev. Professor ADAM Szpewick, F.£#.S., F.G.S.* 


The Rev. W. Symonps exhibited some fossil remains of fishes from the Old Red 
Sandstone of Herefordshire and the carboniferous limestone of Tortworth. 


On the Silurian Anthracite of Cavan, discovered by Professor Jonn Inwing 

Wuitty, LL.D. of Dublin, Mining and Civil Engineer, Professor of 
- Geology to the Dublin Chemical Society. 

Professor Whitty stated that the rock in the district about Kilnaleck where the culm 
was discovered belongs to the Lower Palzozoic formation, and not to the true coal 
formation ; and that a bed of soft anthracite occurs there about 4 feet in thickness, in 
a dark grey clay-slate, having the same strike and dip as the accompanying rocks, 
The strike is about 37° east of north by the true meridian, and the dip south-east- 
wards 85°, He described minutely the rocks of the locality, and stated that a bed of 
culm has been found in Scotland, in graywacke also, which he supposes to be a con- 
tinuation of the formation in Ireland. 

Professor Harkness reported on this Scotch culm at the meeting of the British 
Association in Belfast in 1852, and Dr. Whitty supposes that it is more than probable 
that the anthracite in Cavan is a production of the bed in Scotland, which extends 


# See Philosophical Magazine for October 1854. 
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all the way between them, through the counties of Down, Armagh and Monaghan. 
He further stated that this culm, following the strike of the rocks to the N.E. and 
S.W., may be expected to be found in twenty-two other townlands which he named. 
He described the trial made for this culm, and illustrated the description with suit- 
able diagrams; that it was found by analysis that this culm contains 77°64 per cent. 
of carbon, 4-35 of water and 18-01 of ash, and no bitumeg; by another analysis of 
a specimen taken from a greater depth in the pit, it was found to contain only 4°28 
of ash; it is ill-suited for ordinary domestic purposes, but is excellent for burning 
lime or bricks, or drying malt, when mixed with a small portion of bituminous 

or turf to ignite it. hen made red it gives out a powerful heat, and continues 
it a great length of time. It is found also moat efficient for smiths’ work. Asa 
miming speculation, the working of this bed ought to pay well in the county of Cavan, 
which is very much under cultivation, and in which lime has a wonderfully fertilizing 
effect on the soil, as it has in all slate countries, and where fuel is at present too 
ecarce and too dear for any but a very limited burning of limestone, although that 
rock is abundant in several parts of the county. Coals from Troon, by a circuiteus 
and expensive carriage, cost at Cavan 25s. a ton and upwards. 

Dr. Whitty then went into much detail, describing the mode of working he would 
recommend in this bed, which stands nearly vertical, and entered into calculations 
to show that in the townland of Kill where the culm has been discovered, a statute 
mile in length, 50 feet average height over the lowest point, and 4 feet thick, would 
yield as much culm, selling it at 8s. per cubic yard, as would be worth £15,000; bat 
from this sum of course the expenses of working should be deducted. He further 
showed, that as flexures exist in the grauwacke formation in Cavan, there is a great 
probability that the culm will be found in other localities in the county, in a direction 
transverse to the general strike, as well as in it; and concluded by stating that the 
discovery of this bed of coal, in a formation where it was supposed least likely to 
exist, strengthens his opinion, that coal and many valuable minerals exist in this 
kingdom in abundance, unknown to the proprietors of the soil, and he hopes they 
may yet be discovered, and rendered a fruitful source of commerce in the country. 


Prof. Wittiamson exhibited a restoration of Zamétes gigas, described more fully 
in Section PD. 
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Remarks upon some Peculiarities discovered in Liquid Caoutchowc. 
By T.C. Arncner, Liverpool. 
Tue author stated, that he had discovered the cause of the black colour in india- 
rubber. The ordinary opinion, which had been copied from book to book, that the 
black colour was owing to the bottles, and other forms of the material, being dried 
by the natives in the chimneys of their dwellings, is incorrect, for caoutchouc has a 
peculiar Property, by which light acts upon it very powerfully, and produces the 
black colour. In proof of this, Mr. Archer exhibited specimens of liquid india- 
rubber in white glass bottles. This liquid had been imported for the purpose of 
trying experiments as to its power of receiving brilliant colours, and it had evidently 
received an addition of some liquid ammonia, probably for the purpose of preserving 
its liquidity and preventing decomposition. Jn colour and consistency the liquid 
caoutchouc resembles milk; this fluid in white glass bottles had, by the action 
of light, become jet black next the glass, whilst the interior whiteness and liquidity 
are unimpaired; whereas, a similar sample of the material in a green glass bottle 
retains its original character. Mr. Archer thought this peculiar susceptibility 
to the action of light was well worthy of notice. He exhibited a specimen of caoat- 
chouc from the west coast of Africa, the quality of which is evidently of a very 
"Mr. Archer aleo exhibited fd f plants, which he had prepared 
r. er also exhibited a series of diagrams of plants, which he 
at the instance of the Board of Trade, for edacational purposes. P 
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On some Materials for making Paper. By T. C. Ancuer, Liverpool, 


The author remarks that Dr. Royle had brought under notice the fibrous materials 
of India, and he seemed sanguine they would prove useful in making so necessary a - 
material as paper. From his own examination, however, he thought those materials 
were too harsh, and required too much Jabour to reduce them to a pulp sufficiently fine 
for making the ordinary letter-paper. Most vegetable fibres could be made into paper, 
and therefore there was no fear as to the supply of materials for the coarser kinds. 
The present difficulty was to supply paper for printing and writing upon. This paper 
required to be extremely white, and smooth in texture. All materials from the East 
Indies, except cotton wool, were destitute of that roughness of surface in the cells re- 
quired to form a tenacious pulp,and when broken up they resembled straw, rather than 

e fine woolly fibre of linen rags broken to pieces. There was China grass, plantain 
fibre, jute fibre, the fibre of the paper mulberry, and the aloe fibre. These and other 
fibres he had examined, and they appeared perfectly smooth, hair-like tubes. Cotton, 
and old linen after use, and only after use, had both rough surfaces on their indi- 
vidual cells. He thought it an important point that cellular tissue used for paper 
materials should have an adherent surface, rather than a strong fibre, which had the 
meansof attaching itself toits neighbouring fibres, and allowed the pulptobethorough! 
amalgamated. Instead of going to@he East Indies, he suggested they should go to South 
America. He believed that the materials of a proper kind for paper could be procured 
there abundantly. He had been led to this conclusion by receiving a single sample of 
bark which he was told could be bought in unlimited quantities. In those countries, the 
more they cut some trees, the more luxuriantly they grew up. He was totally unable 
to tell them the name of the tree, as that was the only specimen he had seen. They 
would see by the specimen itself that this was a suitable material, possessing all the 
wooliness of cotton fibre, as he had proved by submitting it to a microscopic exa- 
mination. Each individual cell was rough on the surface, and this he thought was 
the desideratum required. The plant had eight or ten layers of this fibre. He 
thought it belonged to the class Thymelacez, and was nearly allied to the Lace-bark 
tree. He thought from the palms of South America, from the grasses of the savan- 
nahs, and other natural products of that continent, more suitable materials could be 
found than could be derived from India. The bark of our own osiers when stripped 
off by the basket-makers would also yield a useful material. The material came 
from the Brazils. 


On the Occurrence in Coal of peculiar Vegetable Organisms resembling the 
Sporangia of Lycopodium. By Professor Batrour, M.D., F.R.S.E. 


The author stated that much discussion had recently taken place on the subject of 
coal, and that disputes had occurred which, in many instances, depended chiefly on 
parties chuosing to define coal according to their own views of its microscopic struc 
ture. Coal is a rock variously constituted in different localities and even in different 
parts of the same coal-bed. It varies as regards the quantities of ash and carbona- 
ceous matter as well as in regard to structure. Dr. Balfour stated that he did not 
believe coal to be in all cases formed of coniferous wood. No doubt in some in- 
stances true punctated woody tissue, i. e. a circle and dot, could be seen, as in 
Bohemian needle coal. But even the presence of punctated tissue must not always 
be considered as positively deciding the plant to be coniferous, for the same structure 
is seen in such plants as Drimye Winteri, and in Illicium floridanum. Many 
tissues supposed to be coniferous were, in reality, pitted veseels, and modifications 
of scalariform tissue, such as are seen in Lycopodiacez and Ferns, and which appear 
to characterize Sigillarias and Lepidodendrons. Dr. Balfour stated that the circular 
bodies appposed to be the ends of woody vessels, as seen on transverse sections of 
coal, were mere cells. Dr. Balfour alluded particularly to the occurrence of spores 
like bodies in most coals and to the presence in many coals of large rounded bodies, 
having the appearance of sporangia and resembling those of Lycopodium. These 
circular sporangia presented a cavity containing carbonaceous matter. Dr. Balfour 
also alluded to the occurrence of a peculiar inflammable matter in the coals cone. 
taining these sporangia; and he suggested that this resinous matter might be allied. 
to the Lycopode powder of the present day. 7 
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On Associations of Colour and Relations of Colour and Form tn Plants. 
By Professor Gzorce Dicxiz, M.D., Belfast. 


The Professor remarked, that relations in the form, structure, number and position 
of organs are familiar to every botanist: @ priori it might have been inferred, that 
order prevails also in the distribution of colours. This is not only the fact; there 
are, besides, obvious indications of a relation between the colour and form of certain 
organs. His attention was first directed to the subject in April 1853, and the facts 
here recorded were demonstrated to scientific friends at that date. A brief account 
of the subject was communicated to the Belfast Natural History Society in October 
following. Certain associations of colour have, however, been known to artists 
who have cultivated the special department of flower painting: any relation between 
form and colour seems to have escaped notice, and even erroneous views have been 
promulgated; for instance, by Ruskin in his ‘Lamps of Architecture.” The 
subject appears to have been very much, perhaps altogether overlooked by the 
botanist. The presence of all the colours, red, yellow, blue, which form compound 
or white light, is a physical want of the organ of vision. Among the lower tribes of 
plants, the Alge may be mentioned as remarkable examples of constantly associated 
colours. Such, in fact, is the foundation of Prof. Harvey’s classification, who 
divides them into red, green and olive. Among the red there are many which have 
a red-purple hue, and among the olive rot a few are yellow-green. Red and green 
are complementary, and red-purple and yellow-green stand in the same relation. 
Among mosses we find the red or réd-purple peristome associated with the green or 
yellow-green capsule, and the same is true of their stems and leaves. In flowering 
plants the associations of certain colours are so numerous, that it is unnecessary in 
this summary to do more than mention a few examples. In the leaves of Caladtum 
pictum, Coleus Blumei, and Victoria Regia we find red or red-purple associated with 

n or yellow-green. The same is true of the pitcher-like organs of Sarracenie, 
epenthes, and Dischidia. In the flower similar associations of various kinds are 
common. We need not expeet to find in a corolla or any other organ the primaries 
red and yellow, or blue and red, associated and in contact.. The red has green, the 
yellow has purple, and the blue has orange associated. Of the primaries, blue is 
rarest,—many cases so denominated being, in fact, blue-purples. In the flower 
yellow predominates, hence the very general diffusion of purple of various degrees of 
intensity. Purple being of such general occurrence in the flower, we can now 
understand why yellow is the most common colour of pollen: some exceptional 
cases seem to confirm this; in the turn-cap lily, for example, the red pollen is asso- 
ciated with the green filaments. The colour of the flower may have its complement 
in that of other parts, as stem, leaf, &c. Sometimes the associated colours are not 
visible at the same time. The inside of a ripe fig is red-purple, the outside yellow- 
green. Sometimes a yellow corolla is succeeded by a purple fruit. Direct exposure 
light, although ueually and in general correctly admitted to have a direct relation 

to intensity of colour in organisms, appears not to be necessary in every ingtance. 
The plant, however, must receive the light at some part or other, in order to pro- 
duce that intensity of colour observed in the coats of seeds, in the interior of fruits, 
and in the tissues of subterranean organs. In conclusion—1. The primaries, red, 
yellow aud blue, are generally to be seen in some part of the plant. 2. Whena 
primary occurs in any part of the plant, its complement will usually be found in 
some other part, or at some period or other of the development of the plant. I have 
found, in not a few instances, in the animal kingdom similar associations of colour ; 
birds, moliusca and radiata present many obvious examples. We may next examine 
the relation between colour and form; and the remarks are, for the preeent, con- 
fined to the flower. Law t. In regular polypetalous and gamopetalous cogglis the 
colour is uniformly distributed; that is to say, the pieces of the corolla, being all 
uniform in size and shape, have each an equal proportion of colour. Examples of 
this occur in Primulaceee, Boragines, Ericaceee, Gentianem, Papaveracee, Crucifers, 
Rosacer, Cactacere, &c. Law 2. Irregularity of corolla is associated with irregular 
distribution of colour. The edd lobe of the corolla in such is most varied in form, 
size and colour. When there is only colour, it is usually more intense in the odd 
lobe; when there are two, one of them ie very generally confined te the odd lobe. 
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Sometimes, when only one colour is present, and of uniform intensity in all the 
ieces, the odd lobe has spots, or streaks of white. The odd lobe, therefore, in 
flowers, is distinguished from the others not merely by size, form and 
position, but aleo by its colour. Papilionacese, Labiates, Scrophularines, &c. are 
examples. In some cases, as Gloxinia, Achimenes, Rhododendron, &c., in which 
irregularity of flower is lesa marked, the two pieces on each side of the odd lobe 
frequently partake of its character as regards colour. In some thalamiflorous Ex 
gens (as Pelargonium, Tropeolum, Aieculus), &c., with irregularity of flower, owing 
chiefly to difference in the size of the pieces, the largest are most highly coloured. 
Law 3. Different forms of corolla in the same inflorescence often present differ. 
ences of colour, but all of the same form have the same colour. The Composite are 
examples ; when there are two colours, the flowers of the centre have one colour and 
uniform in its intensity; those of the circumference also agree in this respect, but 
have the other colour, The first two laws prevail in monocotyledons ¢s well as in 
dicotyledons. In the former the calyx and corolla generally resemble each cther in 
structure, shape, and in colour also. The law of the contrasts is therefore simpler 
in monocotyledons than in dicotyledons. The former may be symbolized by the 
triangle, three and six being the typical numbers in the flower; the latter by the 
square or pentagon, four and eight, five or ten, being the prevalent numbers. Sim- 
plicity of figure corresponds with simpler contrast of colour in the one, while greater 
complexity of colour and of structure are in direct relation in the other. 

According to the investigations of Brongniart, there has been progressive increase of 
angiospermous dicotyledons up to man’s epoch. Among them we find the floral 
organs with greater prominence in size, form and colour, and such prominence of 
the “ nuptial dress”’ of the plant is peculiarly a feature of species belonging to natural 
families which have attained their maximum in man’s epoch, and are characteristic 
of it. ‘ 


Prof. Henstow drey attention to the adornment of an African dress, exhibited by 
Mr. James Yates. It consisted of the fruit of a species of grass closely resembling 
that which produced the product known under the name of Job’s Tears. 


On the Stipular Glands of Rubiaceae. By G. Lawson. 


The presence of peculiar secretory glands on the interpetiolar stipules of Rubia- 
cese was first pointed out by Dr. Weddell, of Paris, a few years ago. Dr. Weddell 
and other observeré have regarded this as a feature of structure strictly limited to 
that section of the order termed Cinchoner, which consists chiefly of arborescent 
species, and includes the plants yielding cinchona barks; but Mr. Lawson’s obser- 
vations lead to the conclusion, that the so-called cinchonaceous glands are equally pre- 
valent in Galies, and must therefore be regarded as of universal occurrence throughout 
the order. Several of the most recent writers on systematic botany have elevated the 
two sections of Rubiacesz to the rank of separate orders:—a view which, while 
supported in a remarkably satisfactory manner by the habits of the plants and their 

eographical distribution, is not sustained by any important structural characters. 
The discovery of cinchonaceous glands in Galier, establishes an unauspected point 
of relationship between those two ideally distinct groups of plants, and seems to 
indicate the propriety of retaining them as well-marked sections of one natural order. 
The principal structural distinction between the two orders depends upon the theo- 
retical notion adopted of the nature of their’ foliaceous organs, which has led to the 
discussion of the subject at different times by DeCandolle, Lindley, Bentham, and 
other distinguished botanists. Instead of endeavouring to reduce a portion of the 
leaves of Galiew to stipules, as had been generally done, Mr. Lawson is of opinion 
that the simplest way of viewing the Rubiacee is to regard them all as verticillate- 
leaved plants, the so-called stipules of Cinchones being so evidently reduced leaves, 


Some Observations on the Morphology of Pines and Firs. 
By the Rev. Professor J. M’Cosu, LL.D., Belfast. 


In the cones of pines and firs there is obviously one set of spirals proceeding from 
right to left, and another set proceeding from left to right; these by their intersec- 
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tion give a series of rhomboidal figures on the surface of the cone; and on measuring 
the angles of these figures they were found to be (approximately) 120° above and 
below, and 60° at the sides. The scars of the fallen leaves also form two sets of 
spirals on the branch, and these by their intersection also produce regular rhomboids. 

of the sets of spirals on the cone and branch is composed of several spirals, 
which may be Called threads. The number of threads on any given set of spirals is 
always one or other of the following (the usual nambers in Phyllotazis), 1, 2, 3, 5, 
8, 13, 21, 34, &c., in which scale every succeeding number is made up by the 
addition of the two preceding ; this holds true of all the Conifers. The numbers of 
threads of the two opposite sets of spirals are always contiguous ones in the above 
scale; thus if the number of the one be 5, that of the other must be 3 or 8. The 
number of threads in the spirals seems definite for every species. There seems also 
to be a regularity in the number of turns round the axis taken by the spirals in 
ascending from the base to the apex of the cone. He (Dr. M’Cosh) had observed 
that the expanded cones are often types of the particular species of tree on which 
they grow, and he illustrated thia by examples. 


Some further Observations on the Correspondence between the Leaf- Venation 
and Ramification of the Plant. By the Rev. Professor J. M’'Cosu, ZZ.D., 
Belfast. 

The author set out with referring to previous observationsof his, of which an abstract 
will be found in the Sectional Reports for 1852. The correspondence may be 
illustrated under two general heads :—I1st. Between the disposition of the branches 
on their axis, and that of the veins on the midrib, or other veins from which they 
spring. In trees where the leaf has no leaf-stalk, the tree is feathered from the 
ground; and, on the other hand, when the leaf has a leaf-stalk, the tree has a bare 
unbranched trunk. It had been objected that the beech Jeaf has no leaf-stalk ; 
whereas the tree has often an unbranched axis. ‘This objection he bad been able to 
answer to the satisfaction of the gentleman who urged it. It is customary in plant- 
ing out beeches to strip off the lower branches, and cut over the axis, and hence the 
form which the plant often assumes in lawns; but the beech, when uneaten by 
cattle and not drawn up by being planted in the heart of a wood, is feathered or 
branched from the base. This may be seen from its mode of growth in hedges. He 
would have it to be understood, however, that this correspondence does not imply 
that the tree and leaf necessarily assume precisely the same shape. Thus, whea 
the leaf is pinnate, there is no correspondence between the form of the leafage and 
the form of the tree. He was inclined to think that when the leaf is pinnate, as in 
the ash and mountain ash, the tree is decomposite; that is, instead of sending forth 
one main axis from top to bottom, it sends off in a scattered way branch after branch, 
till the axis is lost. 2nd. The branch goes off from its axis at much the same angle 
as the vein goes off from the midrib or lateral vein. There was little difficulty in 
establishing this in plants with woody structure, or in herbaceous plants which have 
a true branch, and not a mere flower-stalk. The only exceptions which he had 
found in plants with true branches were those with decurrent leaves, such as thietles, 
where the natural angle seems to be affected by the decurrency of the leaf. . Bat 
there was a difficulty in establishing the correspondence in herbaceous plants, which 
either have no branch, or in which it is difficult to say whether we have a branch or 
merely a peduncle or leaf-stalk ; the more so as botanists had not laid down any rule 

which to distinguish between branch and peduncle. He had found it necessary 
in applying these views to herbaceous plants, to distinguish between what he might 
be allowed to call the primary and secondary angle, both of venation and ramifica- 
tion ; meaning by the primary angle, that made by the main branches and the main 

Jateral veins ; and by the secondary, that made by the lesser branches or lesser veins 

proceeding from the others. He had found in many cases, that the angle at which 

the peduncle or flower-stalk goes off corresponds, not to the primary, but secondary 
angle of this leaf. [Appended to the paper was a list of 200 species of plants mea- 

sured by him since 1852.] 
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On some Traces of Harmonious Colours in Plants and the Plumage of Birds, 
By the Rev. Professor J. M’Cosn, LL.D., Belfast. 


The Professor set out with remarking, that he had been convinced for several 
years past that the colours of plants would be found in beautiful accordance with 
the law of harmonious colours, and that he had enunciated the doctrine in a paper 
read before the Natural History Society of Belfast in May 1853. In his reading since 
that date he had diecovered that there were beautiful glimpses of this truth in the 
writings of several colourists such as Field, though as far as he knew, the subject had 
not been pursued botanically, or introduced into botanical works in this country. 
He further acknowledged that since that time he had received assistance from his 
colleague Dr. Dickie, who has been prosecuting the subject in a more scientific 
manner. He then proceeded to give the results of his own observations. Taking 
up the three secondary colours, green, purple, and orange, he showed that when 
these colours are found in nature, they have often the corresponding harmonious 
colours in juxtaposition :— 

1. Green harmonizing with Red and Russet. This is the most common harmony in 
the vegetable kingdom. Harmonizing with the green leaves of plants we have often 
red flowers and red fruit. The eye delights to see the red berries peeping forth from 
the green foliage of the mountain-ash or holly. Not unfrequently, also, the green 
leaves harmonize with the red or russet of the young stems and leaf-stalks. 

2. Purple harmonizing with Yellow or Citrine. This is the second most common 
harmony. So far as he had been able to observe, purple of various shades and hues 
—such as red-purple where there is a preponderance of red, and blue-purple where 
there is a preponderance of blue— is the most common colour of the petals of planta. 
Contrasting with it, we have often a yellow heart in the plant ; very often the anthers 
and pollen are yellow. It is interesting to notice, that according,to the hue of the 
_ purple so is the hue of the contrasted yellow. Thus, in the potato and bitter-sweet, 

the flower is blue-purple and the stamens are red-yellow, while in the garden 
polyanthus the outer rim of the corolla is red-purple and the heart is greenish 
yellow. The harmony between purple and citrine may be seen in decaying vegeta- 
tion. 

3. Orange harmonizing with Blue and Olive. This harmony is less frequent, 
still it is found in nature. Plants with a blue flower have often orange anthers, and 
some syngenesious plants have an orange flower and an olive involucre. He had 
found it extremely interesting to trace this harmony through the vegetable kingdom. 
Sometimes the harmonious colours are on the same organ. Thus blue and oran 
are found on the petals of the Forget-me-not, yellow and purple on the Pansy, Cal- 
ceolaria, Mimulus, Antirrhinum, &c. More frequently the harmonious colours are 
fourd on different organs. Thus we have frequently purple petals with yellow 
anthers. Often the corolla is of one colour, and the calyx the complementary colour, 
He went on to say that the final cause of all this was very evident; the arrangements 
are in accordance with the structure and likings of the eye. But there must also be 
an efficient cause. Possibly this was to be found in the chemical changes of plants, 
and the relation of chemical agents to colours. But it is surely also possible that 
there may be a reality in colour as there is in heat. This juxtaposition of contrasted 
colours in plants does look as if there were polar forces operating in the distribution 
of colours. On the supposition that colour is in the object, we can account for 
colour as seen by the eye by supposing that every colour on the surface of an object 
repels the like colour, and allows the others to be absorbed. This was, however, 
but a vague hypothesis, in the absence of a better, and was not to be confounded 
with the co-ordinated facts which he had presented in regard to harmonious colours 
in plants. Dr. M’Cosh went on to say that he had also noticed traces of harmo- 
nious colours in the plumage of birds.—1. Black and white found in birds of tamer 
and plainer plumage. 2. The second most common harmony is a red-yellow asso- 
ciated with a dark blue. This reddish yellow takes various hues; sometimes it is a 
tawny colour, at other times oranze, and in some birds it is a bright scarlet. The 
blue is also of various shades and hues, sometimes being a kind of dark grey, at 
other times a very blue purple, and not unfrequently of a greenish tinge. 3. In the 
more ornamented birds the harmonious colours are green and red. Sometimes we 
havea bluish green with a scarlet, at other times a yellowish green with a blue-purple. 


102 ! ' REPORT—1854. 


On some New Mosses, and on recent Additions to the Muscology of Liverpool. 
| By F. P. Marratt. 


On the Arrangement of the Air Canals in the Nymphaacee (the Water Lilies). 
By Maxwett T. Mastens, Lecturer on Botany in St. George's Hospital. 


As the result of his examination of the air canals in the leaf-stalks and flower- 
stalks of various species of Nymphzacee, Mr. Masters divided them into three principal 
groups, as follows :-~1. Where the arrangement of the air canals is similar in petiole 
and peduncle, there being four central canals, surrounded by smaller tubes. Under 
this group he included Nymphaea odorata, minor, alba, nitida, and pygmea,—all 
which belong to the section Castalia. 2. Where with an arrangement of the petiolar 
air tubes similar to that just mentioned in the first group, there is a concentric 
arrangement of the peduncular air tubes, there being a number of large canals placed 
around the central axis of the flower-stalk, and encircled by one or more rows of 
smaller tubes, each row containing, however, twice as many tubes as that imme- 
diately interior to it. Of the species enumerated the following belonged to this 

roup :—Nymphea cerulea and cyanea, belonging to the section Cyanea; Nymphes 
exteana and micrantha, belonging to the section Castalia. 3. The third group in- 
cludes those species in the petioles of which there are two large semi-ovate canals, 
and in which the arrangement of the peduncular air tubes is of the same concentric 
character as had been described in the second group. The species in which this 
disposition occurs are all comprised in the section Lotus. They are—Nymphea 
, Lotus dentata, dentata major, and Devoniana. The author thinks that although 
there are many species of Nymphaea not alluded to in his remarks, yet it may be fhirly 
assumed that the <lisposition of their air canals is subject to one or other of the fore- 
going modifications ; and with reference to the difference of opinion as to whether 
many of the so. called species of Nymphea are to be regarded as such, or merely as 
varieties, he observes that if the arrangement of the air canals is of little value as 
evidence of the Jatter view, at least it cannot be adduced in support of the former. 


Drawings of various marine animals were exhibited by the Rev. — Price. One 
of the drawings illustrated the young state of the common starfish (Uraster rubens). 


On the Nature of the Torbanehill and other Varieties of Coal. 
By Professor Reprern, .D., Aberdeen. 


Mr. Redfern introduced the subject by remarking, that the great interest which it 
has recently excited owes its origin to the practical question raised in the jury trial, 
Gillespie v. Russel, rather than to investigations into the characters of coal pursued 
for their own sak2. He stated his conviction that the term “coal,” as at present 
epplied in ordipary life, is sufficiently understood for all commercial purposes, for 

e construction of leases, Cxc., and that differenees of opinion as to the scientific defini- 
tion of coal ought not to interfere with the popular acceptation of that term. The 
author then pointed out that the geological position of the Torbanehill coal is like 
that of all others; and he produced Dr. Fyfe’s tables of the chemical composition 
of coals to prove that the Torbanehill coal contains all the chemical ingredients 
of coals, in nearly the same proportions as in some of them, and that it con- 
tains nothing which is not found in coals. He produced specimens to show that 
the Torbanehill coal is laminated, and that it is full of fossil plants visible to the 
naked eye. On fractured surfaces he showed numerous angular facets variously 
inclined, and stated that these as well as large portions of the surfaces of the larger 
fossils may often be seen to be produced by vessels of plants by the use of a pocket 
lens. As these fossils have a similar microscopical structure to the whole mass of 
the coal, and this contains 654 per cent. of carbon, he urged that these facts are in 
themselves almost conclusive evidence that the seam is a mass of vegetable matter. 
Small cubical blocks of Torbanehill and other coals show above and below small 
rounded yellow spots set in a dark mass, but on their four sides these spots are 
elongated in the direction of the lamine. There are no such appearances as those 
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presented by a block of wood in any coal whatever; whilst those presented by the 
orbanehill coal are exactly the same in kind as those of other coals, though differe 
ing in degree. Microscopical sections taken horizontally and vertically always 
differ in the same manner as the surfaces of cubical blocks. All vertical sections are 
alike in the Torbanebill and other coals; all horizontal sections are alike, but 
widely different in all these coals from vertical sections. The striated appearance 
of vertical sections is therefore not due to coal being fibrous like wood, but to its 
lamin, which a vertical section cuts across as one would cut through the leaves of 
a book. The author denied in toto the correctness of two important statements 
_ made in a paper recently published by the Microscopical Society of London, and 
affirmed in opposition to these, that horizontal and vertical sections of the Torbane- 
hill coal are never alike, but differ like those of other coals; also, that coal and 
wood differ as widely as a laminar and a fibrous structure. He proceeded to give a 
lengthened and systematic description of the various microscopical appearances of 
coal, illustrating these by coloured drawings and sun-pictures. He pointed out that 
the Torbanehill and other coals are in great part made up of rounded flattened yellow 
masses separated by dark matter made up chiefly of vegetable tissues in a frag- 
mentary state. There are also several other bodies, such as spores, &c., shown on 
microscopical examination; but it is important to bear in mind, that whatever be 
the interpretation of the microscopical appearances in the Torbanehil! coal, there is 
not a single character presented by it which is not found in other coals. The author 
concludes from his investigations, that coal, Cannel coal especially, is the result of 
maceration, disintegration, and chemical changes taking place in a mass of vegetable 
matter, the nearest approach to which at present is that presented by a very fluid 
peat-bog. He believes that in geological position, chemical and histolo ical cha- 
racters, the Torbanehill coal is like other Cannel coals ; and that it differs from them 
in being more valuable for the production of gas, and consequently less valuable for 
the formation of coke. __. 
Account of some Experiments made on the Influence of Coloured Glass on 
the Growth of Plants in Sea- Water. By Kosert Wanincrton, £.C.8. _ 


Mr. Warington found that the red sea-plants grew best in cases, the light supplied 
to which was allowed to pass through green coloured glass, and that the brown and 
green confervoid growths were thus destroyed. 


On the Restoration of Zamites gigas from the Lower Sandstone and Shale 
of the Yorkshire Coast. By Professor W. C. Witziiamson, F.2.Y.,, 
anchester. 


The author commenced by referring to the notices by Young and Bird, Prof. 
Phillips, ‘The Fossil Flora,’ and the labours of Mr. James Yates in connexion with 
Zamites gigas. He then explained his views of the structure and habit of the plant, 
regarding it as resembling the elongated cylindrical stems of Cycas circinglis, 
rather than the more spheroidal ones of Excephalartos horridus. He then described 
the subterranean buds, the bark, the fronds or leaves, and their connexion with the 
stem,—of all which parts he exhibited specimens, and in which the general resem- 
blance to living Cycads was very obvious. He then dwelt at some length on the 
remains of the inflorescence found at Runswick, on the Yorkshire coast, of which 
he had met with two distinct forms: the one a cusious scaly axis, prolonged in a 
peculiar pyriform manner, which latter part has been invested by a cortical sub- 
stance, consisting of oblong cells, arranged perpendicularly to the axis. This por- 
tion Prof. Williamson regards as having probably been the antheriferous portion of 
the plant. A second type consists of a concave disc, which has evidently terminated 
the woody axis, and been margined by a peripheral circle of radiating bracts. On 
the upper eurface of each of these bracts are two small oblong depressions, which 
Prof. Williamson supposed may have supported two ovules; but, at the same time, 
pointed out the great uncertainty respecting the exact physiology of these portions ; 
though the numerical correspondence between these ovules, as usually seen in the 
cycadean cones and the depressions on the surface of the bracts, seems to indicate 
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the probability of such an allocation of parts. The result of the investigation shows 
that, though the general habit of the plant is that of a true Cycad, its inflorescence 
has very widely diverged from any known type of that variable class, and, conse- 
quently, the utmost caution is necessary in determining the general nature of 
the plant from such limited portions of the organism. The elementary materials are 
often the same in the recent and fossil forms; but, being differently distributed, new 
and unexpected combinations are continually occurring, of which Zaméfes giges is 
& curious and striking example. 


- On Stangeria Paradoxa. By James Yares, Esg., M.A., F.RS. 


Stangeria Paradoza is a plant belonging to the natural order of Cycads, and was 
observed a few years ago in the vicinity of Port Natal. At first only leaves were 
sent to Europe. They resembled those of certain kinds of ferns, and differed essen- 
tially from those of all known Cycads. Hence the new plant was regarded as a 
fern, and referred to the genus Lomaria. In the year 1851, however, a plant came 
from Natal to the Chelsea Botanic Garden with a stem as well as leaves, and soon 
after. Profeesor Balfour of Edinburgh received a cone. They agreed exactly in their 
distinctive clraracters with the stems and cones of all the known genera of Cycads; 
and, being determined to belong to this natural order, the new genus Stangeria was 
so named after the enterprising and meritorious Dr. Stanger, then resident at Natal. 

The stem most nearly resembles that of the West Indian genus Zamia. It is 
short and thick, covered with a brown cuticle, and marked by parallel bands and 
tubercles. These appear to have originated in the bases of leaves, the scars of which 
have been gradually effaced as the stem has enlarged. The section exhibits a single 
cylinder of woody fibre. 

The leaf of Stangeria is distinguished from that of ferns by its vernation. For, 
although the vernation of the Adder's-tongue is plicate, that of all dorsiferous ferns 
is circinate. The young leaf of such a fern is coiled up, and, if pinnate, its leaflets 
are also coiled up. In Stangeria the leaf-stalk rises erect and much longer than 
the blade, which is folded upon it and gradually rises, turning on the top of the 
stalk as on a hinge, until it is bent so far back as to make with the stalk an obtuse 
angle, in which position it remains fixed. In all other known Cycads the stalk is 
continuous with the midrib of the leaf, so that the whole leaf, including the stalk, 
forms a uniform curve without any angle. As the blade in the leaf of Stangeria 
increases so as to render its structure apparent, it is found that every leaflet is folded 
double along its own midrib, the upper surfaces of the two halves being in contact; 
and that all the leaflets, so fulded, are applied to one another with an imbricate ver- 
nation, Jn this respect therefore Stangeria resembles a rose, an ash, or a leguminous 
plant. 

The venation of Stangeria certainly resembles that of Zomaria, so as to account 
for the original mistake respecting the identity of these genera. The midrib of the 
leaflet sends off nervures at the distance of about a millimetre from each other; 
these very shortly bifurcate, and some of them become dichotomous by a second 
bifurcation ; all then terminate in serratures, which are seen along each margin, and 
which are directed, as in the genus Zamia, towards the apex of the leaflet. The 
whole margin of the leaflet is formed by a nervure, which coincides with all the 
indentations of the serratures and communicates with the midrib through the bifar- 
cate nervures. The serratures are irregular in their size, so as to render the margin 
of the leaflet uneven. In this respect also an analogy is perceptible between Stangeria 
and Zamia. So far as respects Cycads, the venation is peculiar, and is only met with 
elsewhere in ferns. 

_ In consequence of t!:e size and position of the leaflets, the form of the whole leaf 
is somewhat triangular, differing in this respect from all other Cycads, and e 

ing some of the ferns. With the exception of one or two pairs, which are turned a 
little towards the base, the lowest leaflets are the largest and longest, and are placed 
on short petioles and at right angles to the midrib. The upper leaflets diminish in 
length as they approach the apex of the leaf, and are directed more and more towards 
the apex. The petioles of the leaflets become shorter and shorter from the base of 
the leaf upwards, until they are effaced, and the leaflets become sessile so far as 
respects the lower margin, and this lower margin is decurrent. The midrib of the 
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whole leaf terminates in a single leaflet, which consequently forms the apex of the 
leaf. The leaflets in the oldest plant which I have seen are twenty-seven in number ; 
in the young plant or seedling they are four. Instead of the bright glossy green 
of other Cycads, the leaf of Stangeria is pale green and does not shine. The form 
of the leaflets is oblong-lanceolate and acuminate. 

The following account of the male cone ia taken from a plant now (September 
1854) in flower at Kew: it bears two cones, each growing upright on a short thick 
peduncle. Scales not peltate; the external surfaces pale-green, downy, lozenge- 
shaped. The cone is pointed at the apex, between 4 and 5 centimetres long, and 
except in being very much smaller, bears a close analogy to the cone of the genus 

toon. 

The nut, or seed, is nearly orbicular, and 1-5 centimetre in diameter, 


To illustrate this communication, Mr. J. Yates exhibited a drawing of Stangeria 
paradoza, and recent specimens of different parts of the plant; 1 male cone of Dioon 
edule ; and a living specimen of a Lomaria. For previous descriptions he referred to 
Hooker, Journal of Botany, Aug. 1853, and Seemann, Bonplandia, Feb. 1854, p. 44. 


ZOOLOGY. 


On the Occurrence in the Infusoria of peculiar Organs resembling Thread- 
Cells. By Professor ALLMAN, F.R.S. 


In an important monograph by Cohn on the Paramecium Bursaria, this author 
maintains that the cilia with which the whole surface of the animalcule is covered 
are in reality much longer than their appearance in the living animal would lead 
one to believe. He founds this opinion on the fact, that when the animal is allowed 
to dry on the glass object-holder, it is seen to bristle with long rigid filaments, 
which he believes to be the cilia then for the first time become visible in their entire 
length, and in accordance with this view, he figures the animal covered with cilia very 
much longer than what the mere inspection of the living Paramecium would justify. 

Stein in his remarkable work on the Development of the Infusoria, refers to this 
opinion of Cohn, whom, however, he believes to bein error in supposing the long 
bristle-like processes of the dead animalcule to represent the natural length of the 
cilia in the living. He maintains, on the contrary, that these processes are the cilia 
abnormally lengthened under external influences, and he states that he has wit- 
neseed the same phenomenon in many other infusoria, in which he has always been 
able to induce it by the application of strong acetic acid, when the cilia suddenly 
extend themselves to three or four times their original length. 

While recently engaged in examining the structure of a nearly allied animalcule, 
the Bursaria lexca, Ebr., a green variety of which was developed during the present 
autumn in great profusion in a small pond in the county of Essex, Dr. Allman wit- 
nessed an appearance exactly similar to that described by Cohn and Stein, but it 
soon became clear to him that the German naturalists had erred in their explanation 
of it, and he is now satisfied that the filaments in question have nothing whatever 
to do with the cilia, but are peculiar and very remarkable organs hitherto undescribed 
in the infusoria. 

When this animalcule is examined under a sufficiently high power, minute fusiform 
bodies may be detected thickly imbedded in its walls. These bodies are perfectly 
colourless and transparent. They are about the yssyth of an inch long. They 
may be easily witnessed at the margin, where they are seen to be arranged perpen. 
dicularly to the outline of the animalcule, but on the surface turned towards the 
observer their extreme transparency and want of colour renders it necessary to cruah 
the animalcule beneath the covering glass, so as to press out the green globules 
which it contains, in order to bring the fusiform bodies into view. To these bodies 
the author proposes to give the name of trichocysts. 

As long as the animalcule continues free from annoyance, the trichocysts undergo 
no change; but when subjected to external irritation, as occurs during the drying 
away of the surrounding water, or the application of acetic acid, or other chemical 
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irritant, or the too forcible action of the compression, they become suddenly trans-~ 
formed into long filaments which are projected from all parts of the surface of the 
animalcule. 

The rapidity with which this remarkable change is effected, joined with the great 
minuteness and transparency of the object, renders it extremely difficult to follow it, 
and for a long time the author could only satisfy himself of the fact that the fusi- 
form bodies were suddenly replaced by the projected filaments. After continued 
observation, however, be at last succeeded in witnessing the principal steps in the 
evolution of the filament. 

It is not difficult, by rapidly crushing the animalcule, to force out some of the 
trichocysts in an unchanged state. If the eye be now fixed on one of the isolated 
trichocysts, it will in all probability be seen, after the lapse of a few seconds, to 
become all at once changed, with a peculiar jerk, as if by the sudden release of some 

revious state of tension, into a little spherical body. In this condition it will pro- 

ably remain for two or three seconds, and then a spiral filament will become 
rapidly evolved from the spherule, apparently by the rupture 6f a membrane which 
had previously confined it, the filament unrolliog itself so quickly that the eye can 
scarcely follow it, until it ultimately lies straight and rigid on the field of the micro- 
scope, looking like a very fine and long acicular crystal. 

This remarkable body when completely evolved consists of two portions, a rigid 
spiculum-like portion acutely pointed at one end, and continuous at the opposite 
end with the second portion, which is in the form of a fine flexible filament, less than 
half the length of the spiculum; this second portion is generally seen bent at an 
angle on the first. The form of these bodies is best observed in such as have floated 
away towards the margin of the drop of water and are there left dry by the eva- 
porated fluid. Many of them, however, merely presented the appearance of a 
simple, long, fusiform spiculum, a condition probably depending on their leas com- 
plete evolution. 

The resemblance of the organs now described to the well-known thread-colls of 
the polypes and certain other lower members of the animal kingdom is obvious, 
That they are entirely homologous, however, with these bodies we can scarcely 
assert; their origin at jeast appears different ; for if we admit the unicellular strac- 
ture of the infusoria, we have the frichocysts apparently developed in the thickness of 
the celi-wall, instead of being produced in special cells, as we know to be the case 
with the thread-cella of the polypes. 


OWDLER BUCKTON. 


The author observed that little or no information was to be obtained from writers 
on Entomology with reference to killing insects intended for future examination. 

After noticing the remarkable manner in which some of the Orthoptera and Neuro- 
ptera are capable of resisting the action of sulphurous acid, and consequent unfit- 
ness of that substance for such a purpose, it was stated that the desired object may 
be conveniently effected in many cases, by subjecting the living insect to a moist 
atmosphere at a high temperature. A suitable apparatus was described, and likened 
to a diving-bell of thin and well-annealed glass, having an inner lining towards the 
top, of cork, upon which the specimen to be operated upon may be fixed by a pin. 
Suffocation quickly ensues on plunging the bell-mouth downwards into a basin of 
water at or near its boiling-point. 

After noticing the certain and rapid manner in which the vapour of hydrocyanie 
acid acts on insect life, and objecting to its common use from its well-known poi- 
sonous and volatile properties, it was further stated that cyanide of potassium 

esses similar useful properties without corresponding disadvantages. Chemiste 

ve been long aware of the peculiar change of this substance, by moisture, 
into hydrocyanic acid, ammonia and other products, and as the eir always con- 
tains aqueous vapour, the salt slowly undergoes the same decomposition on 
exposure at ordinary temperatures. e requisite apparatus is very simple, and 
consists of a wide-mouthed jar of glass, fitted with a brass cap having an aper- 
ture capable of being closed pretty accurately with a slide. The cyanide of potas- 


On the Application of Cyanide o Potassium to killing Insects for the Cabinet. 
By G. 
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sium, in coaree lumps, is placed under a false bottom of blotting-paper, which 
serves the double purpose of absorbing the moisture arising from the deliquescent 
nature of the salt, and is also permeable to the air. A small glass bell, for trane- 
ferring an insect from the net to the aperture of the instrument, completes the 
apparatus, which may be carried into the fields. An ineect usually dies in a space 
of time varying from forty seconds to two minutes; but in the larger Coleoptera 
and Lepidoptera a longer treatment is desirable, to provide against the possibility of 
resuscitation. . 

The author considered that the cyanide possessed many advantages over crushed 
laurel leavee, which cannot always be obtained. The salt, now so extensively used 
in the arta, is inexpensive and may be kept for any length of time in stoppered bottles, 
» and is thas available abroad. The instrument, also, is always ready, for a charge 

of thirty or forty grains will keep up a poisonous atmosphere for a month or longer 
without renewal. 

A singular instance of resistance to the action of the cyanide was then exemplified, 
An impregnated female of the Burnet sphinx (Anthrocera Filipendula) was placed in 
the instrument in company with the spectre moth (Mormo Maura). The large 
insect was dead in less than two minutes, but the Burnet was comparatively lively 
after the expiration of fourteen hours. I[t is worthy of note, that oviposition did 
not commence until liberation of the insect from confinement, possibly showing a 
knowledge on the part of the insect that such an atmosphere was fatal to the larvas 
when excluded from the egg or injurious tu the vitality of the egg itself. As both 
the larva and imago of Tinea pellionella were experimentally proved to be incapable 
of resisting the action of the vapour from the cyanide, a suggestion was made, that 
furs and stuffed specimens of natural history might be freed from moth by sub. 
jectiog them to such an atmosphere. Of course this could not be used as a pre- 
servative, but solely as a cure for an existing evil. The action of the vapour upon 
the lungs is not of sufficient intensity to cause any annoyance to the operator. 


On the Fauna of Liverpool. By Isaac Byervy. 


The list of animale was very complete, and comprised some remarkable forms, 
Amongst these may be mentioned the following :—1. The bottlehead (Hyperoodon 
Buts - In the stomach of two of the specimens captured great numbers of the 
horny beaks of cuttle-fishes were found, and these were impacted ore in another, 
forming a continuous row. 2. Trachinus vipera. In this fish, Mr. Byerly had 
demonstrated the existence of a poisonous secretion at the base of its spines. 
3. Lissotriton palmipes, the rarest species of British newt, had been taken near Liver- 
pool. 4. Many of the rarer British fishes had occurred on the coast,—as the opah 
or kingfish, the Anglesey Morris, the Torpedo nobilis. 5. Many species of Nudi- 
branchiate Mollueca had been taken ; and one species, Antiopa hyalina, is not yet 
published, but will appear in the forthcoming pert of Mesers. Alder and Hancock’s 
work on these animals. 6. The occurrence of Noctiluca miliaris in large numbers 
was noted ; and also that it then gave the water a rose-colour. The fullowing is a 
liet of the species of each great section of the animal kingdom :—Mammailia, 41; 
Birde, 196; Reptiles, 11; Fishes, 100; Mollusca, 185 ; Crustacea, 71 ; Lepidoptera, 
695; Echinodermata, 10; Acalephe, 14; Zoophytes, 68; Sponges, 5: about 1400 
altogether. 


List of Four Hundred and Forty Species of Shells from Mazatlan. 
By P. P. Carpenter, B.A., Warrington. ; 


The author entered into a comparison between them and the shells of Panama (as 
catalogued by C. B. Adams) and other places. A very large proportion of the Ma- 
zatlan shells not having been yet described, all such results will be open to correction. 
A comparison of the shells collected by Mr. Nuttall on the Californian coast shows 
the remarkable fact, that scarcely any species are common to that coast and to 
Mazatlan, although these shells are generally called ‘‘ Californian.”’ The importance 
of tabulating accurate accounts of the faunas, not only of zoological provinces, but 
of special localities, was much dwelt upon; and it was suggested that very valuable 
aid to scientific inquiries could be given by the formation of separate collections 


108 REPORT—1854. 


belonging to different faunas. A beginning had been made in Liverpool by the 
present of a series of Mazatlan shells to the Free Museum (by Mr. G. Hulse),— 
which was exhibited to the Section. If merchants, captains, and sailors 

exert themselves to obtain similar collections, not only the inhabitants of Liverpool, 
but the scientific world generally, would be much indebted to them. 


Eee 


On the Development of the Embryo of Purpura lapillus. 
By Professor W. B. CARPENTER, ¥.D., F.R.S. 


The fiask-shaped capsule formed by these animals contains from 500 to 600 vitel- 
line bodies, having the appearance of eggs; yet only from about 12 to 30 embryos 
are produced, each of these having from 20 to 30 times the bulk of the ovum from 
which it sprang; so that the material contained in the original mass of eggs must 
in some way or other have been appropriated by the comparatively few embryos 
which are thus developed at its expense. By MM. Koren and Danielssen, who had 
previously examined into this subject, it was affirmed that, after the segmentation 
of the vitelline bodies into from about 12 to 16 divisions, the whole of them coalesced 
into one conglomerate mass, which afterwards subdivided into pedunculate frag- 
ments, containing a larger or smaller number of the original yolk-segments, every 
one of these fragments becoming an embryo. Dr. Carpenter stated, however, that 
his own observations had led him to an entirely different view of the process; and 
that he felt the more confidence in the correctness of his interpretation of it, since it 
was obvious, from his predecessors’ own statement, that they had not had the oppor- 
tunity of witnessing the stages of the process which immediately preceded the con- 
glomeration. He had himself examined so large a number of capsules, in which a 
considerable number of small free embryos presented themselves before the conglo- 
moeration of the great mass of the ova, that he could not doubt that they are 
generated independently of it. These embryos verg soon come to possess a mouth 
between their two ciliated lobes; and this leads, by a wide cesophagus, ciliated in 
its interior, to a temporary gastric cavity. ‘The embryos then attach themselves to 
the conglomerate yolk-mass; and by the action of these cilia, the small segments of 
which it is composed are driven down into their interior, which is soon distended 
by them. Ifa capsule be opened shortly after the conglomeration has taken place, 
embryos may be found attached to the yolk-mass, presenting various gradations of 
size; some being but little larger than the small free embryos seen in a previous 
etage, and having only a small quantity of yolk superadded to that which they pre- 
viously contained; whilst others may have already acquired the bulk of the fally- 
formed embryo, though presenting no advance in development. Even in these last, 
however, the small yolk derived from their original ovum, may be shown (by crash- 
ing) to be imbedded in the accessory yolk thus derived from the conglomerate mass. 
Thus, then, the embryos developed from a small number of the egg-like bodies con- 
tained in the original capsule, actually eat up, though at a very early stage of their 
own evolution, the material supplied by the rest; and if they do not obtain this ad- 
ditional supply, or only ingest an insufficient amount of it, they become abortive, 
developing only the ciliated lobes, with more or lesa of the foot: one or more of 
these abortive embryos are often to be met with in the capsule near ifs maturity. 
The bodies which, after segmentation, coalesce into the conglomerate mass, Dr. Car- 
penter was inclined to consider as imperfectly fertilized ova. 


On some Points connected with the Natural History of the Azores. 
By Professor E. Forses, F.R.S. 


After giving an account of his views on the geological relation of the Azores to 
the continent of Europe, the author proceeded to make some remarks on a collection 
of Mollusca made by his friend Mr. M‘Andrew. Amongst them were forty-four 
species of Gasteropoda, seven species of Lamellibranchiate Mollusca, and one species 
of Cephalopoda. Of these, the whole were referable to the Lusitanian Fauna, and 
only one species was found in America, and this was found also in the Canary 
Islands. There was a list also of eighteen species of land Mollusca; one or two 
of these were peculiar, but the rest belonged to the West Atlantic or Lusitanian 

auna. 
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On the Vascular System of the Lower Annulosa. 
By T. H. Hoxtey, F.R.S. 


Under the term Lower Annulosa the author included the Annelida, the Echino- 
dermata, the Trematoda, the Turbellaria and the Rotifera,—in all of which there 
exists a peculiar system of vessels, which have hitherto been universally regarded as 
a blood-vascular system. Without considering the view he was about to lay before 
the Section to be fully demonstrated, the author said, that he had to offer very 
strong reasons for regarding the prevalent notion as incorrect. The vascular 
system of the higher Annulosa and of the Mollusca is in all cases a more or less 
specialized part of the common cavity of the body. The fluid which it contains is a 
corpusculated fluid; the propulsive organ, if any special heart exist, is a contrac- 
tile sac, connected by valvular apertures with that common cavity. Now, although 
it might be incorrect to say that the vascular system of the lower Annelida is inva- 
riably distinguished by characters the opposite of these, still there can be no question 
that, as a general rule, such is the case; and this circumstance is alone sufficient to 
raise grave doubts as to the homology of the two systems. But these doubt® are 
greatly strengthened when we take into consideration certain facts, which the author 
proceeded to lay before the Section. In the Rotifera there is a system of vessels, 
consisting of a contractile vesicle, opening externally, from which canals, containing 
long vibratile cilia, pass into the body. In certain Distomata, such as Aspidogaster 
eonchicola, there is a system of vessels of essentially similar character; but the 
principal canals—those lateral trunks which come off directly from the contractile 
vesicle—present regular rhythmical contractions. The. smaller branches are all 
richly ciliated. In other Distomata the lateral trunks appear to be converted into 
excretory organs, as they are full of minute granules; they remain eminently con- 
tractile; but their connexion with the system of smaller ramified vessels ceases to 
be easy of demonstration. As Van Beneden and others have shown, they still form 
one system; but the cilia c:e no longer to be found in the smaller ramified vessels, 
having sometimes vanished altogether; at others, being discoverable only here and 
there in the minute ultimate terminations of these vessels. [In certain Nematoidea 
the vascular system is reduced to a couple of lateral contractile vessels, altogether 
devoid of cilia, but communicating, by a small aperture, with the exterior. Now, 
there is no doubt that, in all these cases, the ‘‘ vascular system’’ is physiologically 
a respiratory and, perhaps, urinary system; while the common cavity of the body 
represents the blood-vascular system of the Mollusca and Articulata. However, 
Echinorhynchus possesses a vascular system of the same nature as that of a 
Nematoid or Distomatous worm, but presenting no cilia, and having uo external 
opening ; thus forming a closed vascular system, homologous with those previously 
described, and differing from them only in the fact of its closure. But from hence 
it is a very easy and natural transition to the vascular system of the Annelida; 
and the author stated his conviction, based not only upon these, but upon many 
additional reasons, that these so-called blood-vessels and those of the Echinodermata, 
form, in fact, only the final term of a series, of which the so-called water-vascular 
system of the Rotifera constitutes the commencement. If, however, these vessels 
have really nothing to do with the proper blood-vascular system of the higher 
Annulosa, with what system of organs are they homologous? In answer to this 

uestion, the author stated his belief, that they correspond with the trachee of 
nsecta, which present a similar, extensive, ramified distribution, and, in some 
cases, as in the larve of the Libellulide, constitute as completely closed a system 
of vessels. 


On the Power by which Insects are enabled to adhere to Smooth Perpendi- 
cular Surfaces. By Tuomas Inman, M_D., Liverpool, 


The author took a survey of the whole subject, and pointed out that there were 
three ways hy which this object was effected :—1. by hooks, which were used when 
the surfaces were cylindrical, as in the grasses; 2. by suckers, which were perfectly 
free from hairs except a marginal fringe to keep the dust out; 3. by an adhesive 
secretion, which was spread over an immense number of microscopic hairs, each of 
which were attached to a large flap, and had a distended terminal development, 
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Hooks were to be found in every foot, but they were fot uniformly accompanied 
either by suckers or adhesive bosses. The last were by far the most frequent, the 
former were very rare. In some very few instances, hooks, suckers, and adhesive 
flaps were present. 


Dr. Inman related the particulars of a case of partial Albinoism in a black man, 
illustrated with photographic representations of the individual thus affected. The 
white spots on the man’s body were observed to become darker during the hotter 
parts of the year. 


Dr. Lanxsgsrer called attention to Mr. Woollaston’s recently-published work on 
‘The Insects of the Madeira Islands,’ a copy of which was exhibited to the Sec- 
tion. This work had been produced by the author with great labour and at a great 
expense, and was one of those works for which science is indebted to the petient 
and self-denying labours of their authors. Healso called the attention of the ion 
to the magnificent colletion of insects, especially Coleoptera, made by the late Mr. 
Melly, of Riversley, near Liverpool, and which his son had thrown open to the 
inspection of the Members of the British Association. 


On the Physiology of Cells in relation to Consciousness and Adaptive Move- 
ments. By Tuomas Laycock, M.D., York. 


Dr. Laycock communicated some of the views he entertained as to the relations 
of cells to consciousness, and to the adaptation to a definite object manifested in the 
movements and functions of organisms. These phenomena are variously interpreted 
in relation to consciousness. While,‘on the one hand, it was a firmly established 
opinion that vegetable organisms had no sensatioh, although they adapted them- 
selves, often with exquisite skill, to external circumstances, of which Dr. Laycock 
adduced several examples,—on the other, it was an equally fixed doctrine that the 
lower animal organisms (e. g. insects) were as susceptible of pain as man himeelf. 
Now all these adaptive phenomena were manifested in the highest degree in that 
ultimate constituent of animated beings, namely, the microscopic cell; and yet 
whether the organism was unicellular, or composed of groups of individual cells, or 
evolved from a primordial cell, there did not appear the slightest ground for con- 
cluding that these were endowed with consciousness ; it followed, therefore, that 
the whole of their adaptive phenomena were the result of a force inherent in them, 
but distinct from mind. 

The entire structure of the higher organisms, whether vegetable or animal, being 
evolved out of cells, and the aim of their whole vital activity being directed to the 
attainment of the same object as that aimed at in cell action, viz. the well-being and 
happiness of the individual, it follows that in these that object may be aimed at 
wholly independently of the will or the consciousness. Such appears to be the case 
with vegetable organisms ; but, to determine the presence or absence of these in 

lants, and even the lower animals, is necessarily beyond the reach of observation. 

t may be argued, indeed, from analogy, that they may possess a sense of pleasure- 
able existence, inasmuch as such an endowment would be entirely compatible with 
that grand scheme of beneficent adaptation upon which all organiems and the entire 
creation are arranged. - 

As to insects, experiments show that it is at least very doubtful whether they feel 
pain; while the infinite variety of instruments supplied to them to administer to 
their own happiness, and the inherent skill which they display in the use of those 
instruments (illustrated by the mathematical accuracy with which the domestic bee 
constructs its hexagonal cell), might serve as some proof of the pleasure they may 
have in existence. , 

Dr. Laycock next proceeded to place the seat of these adaptive movements ia the 
eells of the vesicular neurine which constitute the ganglia of the nervous system, asd 
to show that these could re-act as a co-ordinating apparatus upon the instruments 
provided by Divine Providence for the well-being of the animal. He stated that the 
seat of consciousness is almost universally acknowledged to be in the ganglia within 
the cranium of Vertebrata; yet the headless trunk of a frog would leap away if it 
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were irritated, or swim away if thrown into water. Hence the conclusion, that the 
cells of the vesicular neurine act under given circumstances as adaptively and yet as 
unconsciously as in the lowest forms of animal and vegetable life. 

Dr. Laycock then extended these views to the cells constituting the vesicular neurine 
of the human brain; and argued that it might fairly be inferred, both a priori and 
from observation, that their endowments and modes of action were not inferior to 
those of the vesicular neurine in insects. It followed, therefore, that they also 
might act adaptively and in accordance with their assigned functions independent! 
of the will or consciousness of the individual. To this automatic action (the lin 
between man’s spiritual nature and the external world) Dr. Laycock referred the 
phenomena of mesmerism, electro-biology, spirit-rapping, &c., and expressed his 
conviction that the derangement of the intellect which ose phenomena implied 
could not he altogether harmless, but might lead, and, indeed, had led to permanent 
injury to the brain. . 


Mr. Moons exhibited several rare animals from the Museum of Natural History 
in Liverpool. oo 


On the Anthropoid Apes. By Professor Owen, M.D., E.R.S.*. 


The Lecturer defined the known species of those large tail-less Apes, which form 
the highest group of their order (Quadrumana), and consequently make the nearest 
approach to man; he determined the true zoological characters of the known oran 
and chimpanzees, as manifested by adult specimens; pointed out the relative proxi- 
mity of the orangs and chimpanzees to the human species; and indicated the leading 
distinctions that separate the most anthropoid of those apes from man. The Pro- 
fessor then entered upon the subject of the varieties of the human species, and de- 
fined the degree in which the races differed from each other in colour, stature, and 
modifications of the skeleton. He entered upon a disquisition of the causes of these 
varieties, and proceeded to examine how far any of the known causes which modify 
specific characters could have operated so as to produce in the chimpanzees or orangs 
@ nearer approach to the human character than they actually present. He pointed 
out some characters of the skeleton of the ape, e. g. the great superorbital ridge in 
the Gorilla Ape, which could not have been produced by the habitual action of 
muecies, or by any other known influence that, operating upon successive generations, 

roduces change in the forms and proportions of bones. The equable length of the 
foman teeth, the concomitant absence of any interval in the dental series, and of 
any sexual difference in the development of particular teeth, were affirmed to be 
primitive and unalterable specific peculiarities of man. ‘‘ Teeth,” the Professor pro- 
ceeded to state, ‘‘ at least such as consist of the ordinary dentine of mammals, are 
not organized so as to be influenced in their growth by the action of neighbouring 
muscles ; pressure upon their bony sockets may affect the direction of their growth 
after they are protruded, but not the specific proportions and forms of the crowns 
of teeth of limited and determinate growth. The crown of the great canine tooth 
of the male Troglodytes gorilla began to be calcified when its diet was precisely the 
same as in the female, when both sexes derived their sustenance from the mother’s 
milk. Its growth proceeded and was almost completed before the sexual develop- 
ment bad advanced so as to establish those differences of habits, of force, of mus- 
colar exercise which afterwards characterize the two sexes. The whole crown of 
the t canine is, in fact, calcified before it cuts the gum or displaces its small 
deciduous predecessor; the weapon is prepared prior to the development of the 
forces by which it is to be wielded ; it is therefore a structure foreordained, a pre- ~ 
determined character of the chimpanzee, by which it is made physically superior to 
man; and one can as little conceive its development to be a result of external 
stimulus, or as being influenced by the muscular actions, as the development of the 
stomach, the testes, or the ovaria.’’ The difference in the time of disappearance of 
the suture separating the premaxillary from the maxillary bone, was not explicable 
on any of the known causes affecting such character. 


® Delivered at the request of the Council at the General Anniversary Meeting of the 
Association. 
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There was not any other character than those founded upon the developments of 
bone for the attachment of muscles, which was known to be subject to change throagh 
the operation of external causes; nine-tenths therefore of the differences, especially 
those very striking ones manifested by the pelvis and pelvic extremities, which Prof. 
Owen had cited in his ‘ Memoirs on the Orangs and Chimpanzees,’ published in the 
Zoological Transactions, as distinguishing the great chimpanzee from the human 
species, must stand in cuntravention of the hypothesis of transmutation and progrese- 
ive development, until the supporters of that hypothesis are enabled to adduce the 
facts and cases which demonstrate the conditions of the modifications of such 
characters. 

There was the same kind of difficulty io accounting for the distinctive characters 
of the different species of the orangs and the chimpanzees, as for those more marked 
distinctions, that remove both kinds of apes from man. And with regard to the 
number of the known species, Prof. Owen remarked, it is not without interest 
to observe, that as the generic forms of the Quadrumana approach the Bimanoaus 
order, they are represented by fewer species. The gibbons (Hylobates) scarcely 
number more than half-a-dozen species ; the orangs (Ptthecus) have but two species, 
or at most three; the chimpanzees (Troglodytes) are represented by two species. 

The unity of the human species is demonstrated by the constancy of those 
osteological and dental characters to which the attention is more particularly 
directed in the investigation of the corresponding characters in the higher Quadru- 
mana. Man is the sole species of his genus—the sole representative of his order: 
he has no nearer physical relations with the brute-kind than those which arise oat 
of the characters that liok together the great group of placental mammalia, called 
**Unguiculata.”’ 

In conclusion, the Professor briefly recounted the facts at present satisfactorily 
ascertained respecting the antiquity of the Quadrumana and of man upon the 
surface of the earth. At the time of the demise of Cuvier, in 1832, no evidence 
had been obtained of fossil Quadrumana, and the Baron supposed that both 
these and the Bimana were of very recent introduction. Soon after the loss of 
that great re-constructor of extinct species, evidence with regard to the fossil Quadru- 
mana was obtained from different quartera. In the oldest (eocene) tertiary deposits in 
Suffolk, specimens of jaws and teeth were found, that unerringly indicated the former 
existence of agpecies of monkey of the genus Macacus (Macacus eocenus). About the 
sametime, the tertiary deposits from the Himalayan mountaias gave further evidenceof 
the Quadrumana ; jaws, astragali, and some other parts of the skeleton, having been 
found completely petrified, and referable to the genus called Semnoptthecus, which 
is now restricted to the Asiatic Continent. Dr. Lund discovered in Brazil fossil 
remains of an extinct platyrhine monkey, surpassing any known Cebus or Mycetes 
in size: the platyrhines are peculiar to South America. Lastly, in the middle 
tertiary series in the south of France, was discovered a fragment of the lower jaw, 
proving that at that period some species of the long-armed ape (//ylobates) must 

ave existed. But no fossil human remains have been found in the regularly depo~ 
sited layers of any of the divisions (not even the pliocene) of the tertiary series. 
Human bones have been found in doubtful positions, geologically considered, such 
as deserted mines and caves, in the detritus at the bottom of cliffs; but never in 
tranquil undisturbed deposits, participating in the mineral characters of the un- 
doubted fossils of those deposits. The petrified Negro skeletons in the calcareous 
concretes of Guadaloupe are of comparatively recent origin. Thus, therefore, in 
reference both to the unity of the human species, and to the fact of man being the 
latest, as be is the highest, of all animal forms upon our planet, the interpretations 
of God’s Works coincide with what has been revealed to us as to our own origin and 
zoological relations in his Word. Of the nature of the creative acts by which the 
successive races of animals were called into being we are ignorant. But this we 
know, that as the evidence of unity of plan testifies to the oneness of the Creator, 
so the modifications of the plan for the different modes of existence illustrate the 
beneficence of the designer. Those structures, moreover, which are at present incom- 
prehensible, as adaptations to a special end, are made comprehensible on a higher 

rinciple, and a final purpose is gained in relation to human intelligence; for, in the 
instances where the analogy of humanly invented machines fails to explain the 
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structure of a divinely created organ, such organ does not exist in vain, if its truer 
comprehension in relation to the Divine idea lead rational beings to a better con- 
ception of their own origin and Creator. The discourse was illustrated by drawings 
and diagrams of the principal external and osteological characters of the different 
species of orangs and chimpanzees, aud of the different varieties of the human race. 


On the Anatomy of the Great Ant-eater. By Professor Owen, ¥.D., F.R.S. 


Exhibition of Living Sea Animals. By Rosert Patterson, Belfast. 


The animals exhibited were chiefly species of Jelly-fishes, caught by Mr. Price, of 
Birkenhead.. One of the species was the Cydippe ptleus. 


Mr. Parrerson exhibited specimens of Priapulus caudatus, procured while digging 
for bait on the mud-bank at Holywood, County Down. As other specimens had 
been obtained under precisely similar circumstances, Mr. Patterson thought it pro- 
bable that this species was less rare in certain localities than had been previously 
supposed. 


On the Medicinal Leech. By J. Ricnarpson, Hull. 


The author exhibited a large number of the cocoons or egg-cases of the medicinal 
leech, and gave a short account of the development of the young leech in the ovum. 


On a supposed New Species of Felis. By Capt. Wipprineton, F.R.S. 


Remarks on the British Species of Foraminifera. 
By Professor W. C. Wittiamson, £.4.S., Manchester. 


The author first referred to the labours of his predecessors. Walker figured 22 
species, of which 13 are good ones; Montague 35 species, 18 being true ones; 
Fleming added no new ones, but divided Montague's forms into 8 genera; Dr. Mac- 
gillivray published 12 supposed new forms, of which but 2 were new to Montague. 
The author has now obtained 30 genera, 59 species, and a vast number of varieties. 
In deciding on the claim of individual forms to specific rank, whenever varieties, 
however extreme, were found to be connected by intermediate links, such varieties 
were recognized as belonging to the same species. He then illustrated the extra- 
ordinary extent to which difference was compatible with specific identity, by speci- 
mens taken from the genera Lagena, Entosolenta and Cristellaria, and concluded 
that whilst the individuals of some species displayed the most marvellous tendency 
to variation, others are as constant to their typical characteristics. Three primary 
structures were shown to enter into the composition of the Foraminifera :—1st. The 
Hyaline, usually consisting of a transparent vitreous carbonate of lime, with usually 
numerous foramina; 2nd. The Porcellanous, white, opake, and rarely foraminated ; 
3rd. The Arenaceous, mainly consisting of agglomerated grains of sand. Irre- 
gularities in their development were described ; and a few indicative evidences of the 
existence of fissiparous generation amongst the soft uncalcified animals pointed out, 
with observations on their distribution on the British coasts. But, since the paper 
was an epitome of some facts which will be more fully elucidated in the joint work 
of the author and: Dr. Carpenter, about to appear amongst the publications of the 
Ray Society, this outline will suffice for the present. 
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. Misca.LaAnowus. 
On Literary and Philosophical Pursuits as conducive to Longevity. 
By Dr. Fowrer, M.D. PRS. 


While young and amusing myself with translating and re-translating some 

6 in Cicero, my attention was much arrested by the following, in his essay 

Me Senectute, ** Manent ingenia senibus, modo permaneant studia et industria.” My 

past experience has satisfied me as to the certainty of the fact. But it has not been 
till lately that I have been able to find a physiological explanation of it. 

All the functions of the mind ate affected by corresponding functions of the body, 
and it is by the circulation in the minute arteries of our organs of brain, senses, &c., 
that they are kept in a sensitive and active state. After the nerves of a frog’s leg 
had been divided some weeks, its muscles contracted feebly when zinc and silver 
were in contact with the crural nerve and each other; but when I brushed the skin 
so as to produce a slight redness, both sensibility and contractility were restored. 
Now, the effect of thinking has att effect on the blood-vessels analogous to brushing, 
in so far as it accelerates the tirculation of the blood through them. Any one who 
has attended blood-letting must have observed that the stream is aceelerated by any 
exciting thoughts, and blushing is attributable to a like acceleration. So, too, is the 
inflamed appearance of the features expressive of anger. But our conceptions, also, 
are vivid in prepdrtion to the accelerated flow of blood through the hrain, medulla 
oblongata, and organs of sense. Now, there is not only an accelerated flow of blood 
in the brain while we are thinking, inducing more Vivid conceptions, but there is a 
retransmission from such conceptions to the functional parts approptiated to att in 
accordance with such conception. The sufficient ratio for this process seems to be 
to Keep all sound parts of our organs in a state of functional efficiency, and to repair 
such &s are insound. Of this the restoration of Cretine to seace ahd health, by 
rational treatment of body and mind, supplies a satisfactory example. 

To ensure such uninterrupted recurrence of hopeful conceptions as may retransmit 
a continued supply uf pure Blood to all the structures of the bedy employed in 
thinking, pure wih, Whiter, and exereise tre essential. I cannot but attribute the 
eontinuaace of my own faculties mainly to frequent washing the whole surface of 
my head, neck, and face with cold water, yellow soap, and a large nail brash. By 
this all the sentieut extretnities of the filth pair of nerves are kept free from pressure 
by the imbibition of water, revivified by the arteries accompanying them, asd thus 
&@ direct and free communication is kept up between the brain and all the organs of 
sense, so that our observations may be made with accuracy, and result in clear and 
abiding conceptions. ‘These will constitute the materials of some Worthy pu . 
and furnish occupations to the mind, and be a resource to Withdraw ws from afl the 
daily cares which so often and needlessly perplex us; for the mind cannot at one 
time be occupied by two objects of sense, or two conceptions, the abiding results of 
past impressions. 

Cicero appears to have had this in his thoughts, and, lke , tousidered 
“ that words are things,” since they excite conception,—the chief thing with which 
all artists, orators, and both scientific and literary men are most conversant. Sut 
Mr. Burke seems to have thought that the pleasure which we derive from pottry at 
least is not by the conception which words, “ sparks of immortality,” fncite. From 
this opinion, sanctioned as it is by so great a man, an appeal may be confidently 
made to every one’s experience, while reading the odes or elegy by Gray, or the 
plays of Shakepeare. How could a Garrick or a Siddons have given expressions to 
the characters they represented but from conceptions excited by words? And still 
there are many who assert that they derive more real pleasure from the conceptions 
excited by the words of Shakspeare read in solitade than when they were imper- 
sonated by the matchless art of a Siddons or a Garrick. Sut this pleasure was 
from the exciting effect of a quicker circulation, the revivifying of nervous and mus- 
cular excitability, the sources of health, Why? If the purpose of this life be, as 
reason seems to indicate, a school in which such habits of tntelligence are formed as may 
prepare the mind for some more advanced state of existence, on this hypothesis it is 
explicable why such urgent curiosity to know, and to know by doing, should have 
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been given; and when known, why so impatient to desire to communicate to 
others; for there are often states of ardent excitement, and the acceleration is 
mostly in accordance with the excited state of the mind. The restoration of Anson's 
crew, and the garrison of Breda, from scurvy by hope, and from ague by the con- 
fiding hope inspired by charms, supply proof of the salutary effects of a moderately 
excited circulation induced by hope. 


Mr. Parterson described a plan of aéreating Aquavivaria adopted by Dr. Ball, of 
Dublin, which had been perfectly successful. It consisted of a blowing apparatus, 
by which air was introduced by gutta-percha tubes into the bottom of the tank, by 
means of a common pair of bellows. 


Further Memoranda of Observations made in small Aquaria, in which the 
Balance between the Animal and Vegetable Organisms was permanently 
maintained. By Rospert WaRINGTON, F.C.S. 


The first of these memoranda related to experiments made in a freshwater aqua- 
rium. Asan evidence of the permanency of the balance capable of being established 
between the animal and vegetable organisms by the introduction of the water-snail 
or other phytophagous Mollusca, Mr. Warington stated that the same water in which 
his original experiments were madein March 1849, has been in constant use up to the 
present time, several fish living constantly in it without disturbance, and that it is now 
as bright and in as healthy a state as at the first period of its being employed. Again, 
in a small jar of about a pint capacity, having a single plant of Vallieneria spiralis 
growing healthily in it, and with a few small water-snails as scavengers, he had suc- 
ceeded in hatching and rearing a young trout. When the fish was able to swim 
strongly it was transferred to a small aquarium, containing several minnows, when, 
to his great annoyance, it was immediately seized and devoured. Care should be 
taken in the aquarium for fresh water to exclude the coram, or freshwater polype 
(Hydra fusca), particularly where certain species of fish are to be preserved, as 
toionow (Leuciscus phoxinus) ; for these creatures, insignificant as they appear, after a 
short time cause their death, and that under most extraordinary circumstances. His 
own impression as to the mode in which this destruction of life was brought about 
was, that the hydras, whenever their extended tentacula were’touched by the swim- 
ming fish, seized on them, stinging them, and thus causing a great degree of irritation. 
The polypes also were torn from their position by the greater stre of the fish and 
carried to their places of retreat, where in consequence the mischief was continually 


accumujating. 

The next series of memoranda had reference to the author’s observations made 
in sea-water aquaria, and were in continuation of those read at a former meeting 
of the Section. He had had progressing very successfully for some time past aa 
experiment with a view to preserving sea water in a perfectly transparent and 
healthy state without the use of vegetation of anv kind, or in some cases even with- 
out the use of a scavenging mollusc. The manner ia which sea water under 
such citcamstances might be kept in a healthy state was by exposing a very 
extended surface of it to the action of the air, and at the same time limitiag its 
depth. He described the arrangement he had adopted for upwards of twelve 
moaths, by which a very extensive surface of water was submitted to the oxidizing 
infleence of the air, and the fish and crabs, by their continaal movements, cameed 
sufficient motion in the fluid to expose a fresh surface to its action, aad thas 
wp its aération. But it must be borne in mind that the oxygenation of the water 
thes effected was a very delicate equilibriam, and the maintaining a healthy coe- 
dition was liable to be diatarbed by very slight interfering causes; nor did he con- 
eetve that this method would be applicable, except to such marine denizens as are 
either of such low organization as to require but little aération of the water, or te 
wach as the crab tzibe and those creatures which delight in frequenting shallow 
water or have the power of climbing out of their liquid element. 

The form of the aquarium which he had now, after upwards of five years’ 
experienec uid observation of the natural habits of the varwwus animated tenemte, 
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adopted, consisted in a four-sided vessel, having the back gradually sloping up- 
wards from the bottom, at an angle of 45 to 50 degrees, and the consequently 
widened top sloping slightly. downwards, and its covering glass resting on the upper 
part of the back. The bottom, therefore, became necessarily narrow. The front, 
for the purpose of observation, and the top for the admission of light, were to be of 
glass, the back, ends, and bottom being constructed of slate; the whole fixed in a 
stout framework. The sloping back was covered with light rock-work, extending to 
a short distance above the water line. 


On the Application of Photography to the Delineation of Microscopic Objects. 
By F. WENHAM. 


The author described the process which he had adopted, and exhibited photogra- 
phic pictures of magnified objects, which were remarkable for the accuracy with 
which the details of the object magnified were represented. 


GEOGRAPHY AND ETHNOLOGY. 


GEOGRAPHY. 


Some Remarks on Levels taken in Jerusalem, with the Aneroid Barometer. 
By Capt. W. Auten, #.N., F.R.S., F.R.G.S. 


Tue authenticity of the traditions that were supposed to have fixed the sites of 
the Holy Places in Jerusalem, remained unquestioned during rearly fifteea cen- 
turies. In this inquiring age, not only have grave doubts arisen on the subject, bat 
there is a disposition in some travellers, who have carefully examined the localities, 
to reject these traditions altogether; so much are they thought to be at variance 
with probability, and with the results of their examinations. 

The discussion chiefly turns on the line of direction which the second wall, or 
that existing at the time of the Crucifixion, is supposed to have taken ; because it 
is known that the Jews did not bury their dead within the walls, and there is proof 
in Holy Writ that Golgotha was outside. 

The principal authority for tracing this line is to be found in the description of 
the city by the historian Josephus, which unfortunately is vague in some respects, 
so that arguments may be drawn from it for both sides of the controversy. 

The present wall of the city is now certainly outside the Church of the Sepulchre, 
that was built in the time of the Emperor Constantine, and by his orders ; but since 
the question has been mooted, the advocates for the traditions say that this wall 
was restored by the Crusaders, on the ruins of that of Agrippa, which was built 
after the Crucifixion. Their opponents, on the contrary, affirm this to have been 
the line of the second wall; which, if true, would bring the supposed Golgotha 
within the city, and in such case it cannot be the true site. 

Without venturing, at present, to give an opinion on the general question, I may 
say that I carefully examined the line where a late traveller believed he had discovered 
indubitable vestiges of the ancient, or second wall, turning inwards, 80 as to exclude 
the Holy Places. I had his book in my hand, and was assisted by two impartial 
companions. We came to the'conclusion that the remains we were able to find did 
-not justify his assumption. . 

The arguments of all the controversialists have been taken from examinations of 
the ground plan of the city. But Jerusalem was built on a very irregular surface ; 
the principal features of which are observable at the present day, notwithstanding 
the vast accumulation of rubbish, from the ruins of many eges, which have softened 
their outlines. 

A knowledge of the amount and form of these irregularities, or a section of the 
hill on which the city was built, must be admitted to be an important element in 
the consideration. if therefore took some levels with the aneroid at several pointe 
within the present walle, chiefly from east to west, along the line of the Via Dolo 


TRANSACTIONS OF THB SECTIONS. 117 


rosa, and in the Church of the Sepulchre, which, if not perfectly accurate, may be 
useful at all events, in default of a more correct method of levelling, to call attention 
to this important element in the discussion. The following refer to the Temple 
area :— 


There is a small rise near the Governor’s gate of ...... soeeees vesee 96 feet. 
The point where the Via Dolorosa crosses the upper part of the 

Val Tyropzan is below the Temple area .........ssssssesesereeeese —27° » 
At the crossing of the Via Dolorosa with the street leading to 

the Damascus gate above T. A. .....scccsssscsonsseees deeeoes ovens +38°5 ,, 
The pavement of the Church of the Sepulchre ............ teesceces 67°5 ,, 
At the crossing of the Via Dolorosa with Patriarch-street ...... 115 ,, 
The highest point at the N.W. corner of the city ......2scces0 wee 203, 


Thus it appears there is a rapid slope fron the N.W. corner of the hill on which 
the city is built, down to the valley of the Tyropean of about one in six or seven. 
Therefore the second wall, to have excluded the traditionary site of Golgotha, must 
have been carried along the brow of the hill, in such a manner, as to have left a steep 
ascent outside, while within the city would have been in a deep hollow, and would 
have been so contracted at this part as not to have afforded sufficient space for the 
immense multitude said to have been assembled in the city at the time of its capture 

y fitus. 

It is difficult to imagine how, with such an admirable site for fortification, an 
eminence of 165 feet should have been left outside of the wall at a distance of 
only 400 yards. Such neglect would unquestionably have rendered the west the 
weakest side of the city, which would not have been overlooked by assailants, who, 
however, always attacked from the north, where the want of natural defences really 
left the wall on that side the most vulnerable. 

For which reason, I think that the commanding eminence at the N.W. corner of 
the city must have been included in any scheme of fortification of Jerusalem. 


Some Sectional Diagrams illustrative of the Changes in the Bed of the 
Rwer Mersey and its Approaches. By J. Boutt*. 


On the Site of the Holy Sepulchre at Jerusalem. By J. FERGUSSON. 


On Arctic and Antarctic Currents, and their Connexion with the Fate of 
Sir Joho Franklin. By A. G. Finpiay, F.R.G.S. 


Allusion was made to a former paper, read to the Association at Hull last year, 
describing the currents of the Atlantic and Pacific Oceans, in the latter of which it 
was thought some new features were described. It was shown that a great simi- 
larity existed in the movements of the two oceans, a system of westerly drifts be- 
tween the tropics, which on arriving at the western side of each ocean turned north 
and south from the equator on each side of it, and recurving when beyond lat. 30° north 
and south, they passed to eastward, and re-entering their course on the eastern sides, 
they formed a complete circulatory system. In the present paper it was shown how 
the Polar regions were connected with these movements, and how tropical warmth 
reached the poles, and the cooling effects of the extreme climates were brought into 
more temperate zones. ; 

It was shown that from the southern edge of the southern connecting current, 
which flows from west to east around the globe between the latitudes of 40° and 
50° S., a system of south-east drifts is found impelled by the prevailing north-west 
winds, These south-east drifts were traced step by step from the observations made 
by the United States Exploring Expedition, Sir James Ross, Balleny, D’Urville, 
Biscoe, Bransfield, Weddell, and others, nearly around the Antarctic Circle, showing 
the remarkable feature of the whole of the surface waters below 55° and 65° S. 
setting towards an impenetrable icy barrier, which encircles the South Pole at the 


* The notice of this paper is omitted, because the subject has been referred to a Come 
mittee for special investigation. 
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rate of from 10 to 25 miles a day. On the illustrative diagram the course of this 
warmer water was marked by red lines. It was afterwards shown that the return 
of this water was by subsurface or submurine currents setting to the zorth-east, and 
were marked blue lines. 

The nature of the enormous magnitude of the antarctic ices, which offer a perfect 
contrast to those of the North Pole, was explained. This enormous collection 
around the South Pole is purely the result of atmospheric deposition, and is 
remarkable as lying to the south of the greatest area of ocean water on the earth’s 
surface, and over which the winds pass towards it; but from the fact of all coun- 
tries in south latitude having arid climates, and those in the north the reverse, this 
was another evidence that the evaporation of the northern hemisphere is deposited 
in the south, and vice versd. . 

« One fact analogous to those observed in the North Atlantic Ocean,—of dust, once 
supposed to be volcanic, but proved to be microscopic Crustacea,—was cited as 
occurring near to the antarctic circle, and also adding a confirmation of the theory 
of the atmospheric circulation. The face of the icy barrier, consisting of cliffs ele- 
vated from 150 to 210 feet above the sea level, perfectly wall-faced, and extending 
continuously for handreds of miles, was an evidence that ocean currents did not 
enetrate that circle, which we only know from its external edge. These table-topped 
rriers were the result of surface deposition, and, being above 1000 feet thick, were 
of sufficient solidity to be protruded bodily downwards from the interior lands, which 
might consist of mountains of solid ice of sufficient inclination seawards to allow the 
wet of the stratified upper portions to glide downwards, bearing on their under sur- 
faces immense quantities of earth and detached rocks. 

The floating ice met with in such large quantities is the result of the breaking op 
of the detached table-topped bergs, and from the face of the cliffs, and not formed on 
the surface of the sea, which maintained a comparatively high temperature. This high 
temperature was brought bythe south-east current previously alluded toas setting from 
the southern portions of the south connecting current, and the rates and duration of 
which were inferred from the examples cited at from ten to twenty-five miles per day. 
Arriving at the face of the icy barrier this current was lost, close under it there being 
but little movement felt; what there was being a drift to the westward,—a circum- 
stance similar to what has been related north of Siberia. On the surface, then, no 
outlet is appreciable for the waters, but the drifting of the immense tabular bergs, 
immersed 800 feet, and rising 200 feet out of the water, was @ proof of a northern 
or rather a north-easterly set, which by different observations was considered to move 
from twelve to eighteen miles per day when free from the barrier. The zone of equal 
temperature of the ocean, or 39°°5, was observed by Capt. Sir James Ross to encircle 
the South Pole in a mean latitude of 56° 26’ south. On this circle the temperature 
was the same from the surface to the bottom, and was connected with these surface 
and subsurface currents moving in opposing directions. The icebergs and drift ice 
being thas transported into more temperate climates, disappear, and the north-east 
drift adds its share to the eastward currents, which strike the western shores of Pa- 
tagonia, and then turning northward form the Peruvian current, and against the west 
coast of Africa forming the cool South African current. 

In this manner the frigid influences of the antarctic climate were attempered, and 
brought into connexion with the other portions of the great world of waters, and 
illustrated that mighty system of ocean circulation everywhere evident in its effects 
on climate and the subject of meteorology in general. 

In the North Polar Sea a very different order of things exists; in many points a 
perfect contrast to those just described ; but, as the subject was more familiar, it was 
ot so largely entered into, the chief features only being selected. 

The fact of the Arctic Basin not being a sea of perpetual ice (or one solid mass of 
ice), was an evidence that it was pervious to the influences of more tempetate climates ; 
ard that there being no old ice was a proof that means were at work for renewing it 
and dissipating the surplus of what the short summer does not dissolve. The cur- 
rent through Behring Strait,—an offset of that which the author first described, in 
1851, as the Japanese current, similar In the Pacific to the Gulf-stream in the Atlantic, 
-——was shown to be an unimportant northerly set through the narrow strait, and 
therefore was quite inadequat®to produce any marked effect on the polar ices. The 
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main body of warm water passed between Greenland, or rather Iceland, and Norway 
and was an offset to the north-east of a portion of the Gulf-stream. The mode o 
this drift was explained by a diagram of the winds in lat. 474° north, long. 324° west, 
derived from Commander Maury’s observations, but which showed some imperfece 
tions in the recording or arrangement. In this the great prevalence of the south-weat 
over the north-east winds was clearly seen; and to this was owing the drift, which 
renders England and Iceland habitable, and enters the Arctic Basin, as has been de- 
scribed. e course of thig stream was then traced step by step, eastward, till it 
emerged into Baffin’s Bay or north of Greenland, between it and Spitzbergen, whence, 
poseing southwards, it joined the southerly set down Baffin’s Bay, across the banks of 

ewfoundland, transporting the deeply-immersed bergs into the warm waters of the 
superficial Gulf-stream, and then, turning to the south-west, between the Gylf- 
stream and the coast, it was lost as a surface current at Cape Hatteras. 

In the north, then, as well as in the south, the circulatory system is apparent, 
and thus each portion of the waters of the ocean visits, by turns, every portion of 
the earth. 

The fate of Sir John Franklin was next brought forward as a collateral subject, 
Mr. Findlay held that the statement that two deserted and dismantled ships, seen 
on the ice on the north edge of the Newfoundland Banks on April 20, 1851, was 
quite possible, and that if true, of which he had no doubt, they were the unfortunate 
‘Erebus ’ and ‘Terror,’ The perfect consistency of the story as related by the different, 
parties whose testimony had never been shaken by the strictest investigation, and 
the improbability of any whaling-ships remaining perfect for many years, led to the 
conclusion that they could be no other. 

From the preceding observations, it was shown that there was a constant set of 
the current out of Baffio’s Bay and the inlets connected with it to the southward, 
and that all floating bodies, including the ices which the eummer’s heat would not 
dissolve, would be drifted into the more temperate regions south of Labrador and 
Newfoundland, or else be forced on to its shores. The strict but fruitless search pree 
cluded the latter opinion. Supposing then that the ‘ Erebus’ and ‘Terror’ had 
proceeded up Wellington Channel and Penny Strait, as was then fully believed, it 
was considered quite possible that they, being abandoned, might be again drifted 
through Smith’s Sound or round Greenland into the position of the deserted vessels 
seen on the ice, a theory much more easy of belief if they had not passed beyond 
Lancaster Sound. The possibility of euch a circumstance was held from the 
analogous cases of the drift of Sir James Ross put of Lancaster Sound; of the 
‘Terror’ being caught and forced out of the water in 1837, and remajning 118 days 
fixed in the ice; of similar cases cited by Dr. Scoresby, one of which, a Dutch abip 
in 1777, drifted 1300 miles to the southward in 108 days and still preserved; and 
more important still, the drifting of the Grinnell Expedition out of Barrow’s Strait, 
in 1851. The piece of a boat’s mast and a boat's awning stanehion, picked up by 
Dr. Rae on the south-east coast of Wollaston Land, was confidently believed to bea 
portion of the Franklin Expedition, and would entirely agree with what had been 
previously stated. 

It was thought that if the present expeditions returned without gaining any 
intelligence that the subject would remain shrouded in mystery, and the explanationg 
here given might be taken as the only solution of this painful enigma. 


Despatch from Acting-Consut Gasrizt t Lord CLARENDON, announcing 
arrival of Dr. Livincston at Loanda, on the West Coast of Africa. 


‘‘My Lord,—I have much pleasure in acquainting your lordship thet the Rev. 
David Livingston, who set out from the Cape of Good Hope, in May 1852, for the 
purpose of exploring the interior of Southern Africa, arrived at this place on the 
3lat ult., after having, with the most inadequate resources, traversed the interior of 
this continent between the meridians of 23° and 26° of east longitade, as far as 9° 
of southern latitude. Mr. Livingston sojourned about eight months in the country 
of the Yambeze, lying in the centre of the continent, between the parallels of 14° and 
18° of south lat., where be appears to have been received in the most amiable manner 
by Sekelet, the paramount chief, and during that time be secms tp have labowed 
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diligently in propagating the Gospel and attaining a knowledge of the country and 
its inhabitants. He started from the capital of Seketu, on the margins of the River 
Cholé, in lat. 18° 17’ south, and long. 23° 49’ east, in November 1853, accompanied 
by seventy-seven of the natives, and a sufficient number of oxen for the journey, 
which he obtained from that chief. Ascending thence one of the branches of the 
river Yambeze, which flows through a portion of the Balonda country, he pro- 
ceeded westward, and entered within the limits of this province at Cassangé, in 
lat. 9° 37! 30" south, and long. 17° 43' east, having experienced considerable ob- 
structions from the native tribes with whom he came in contact as he approached 
the Portuguese territory. From Cassangé he followed a direct course to Loanda, 
and travelled through some of the most important Portuguese settlements in the 
interior of Angola, receiving every facility from the Portuguese authorities through 
whose jurisdiction he passed. The adventures and discoveries of this enterprising and 
energetic traveller will doubtless be laid before the public in due time; but I hasten to 
report to your Lordship the interesting fact of his arrival at this place, feeling 
assured that it will be gratifying to you to hear of the movements of a gentleman, 
who, notwithstanding all the dangers and difficulties which surrounded him in 
travelling amongst a people who had never seen a European before, and treading on 
grounds the’ knowledge and true position of which had been hitherto wholly aa- 
known, has, by his own personal exertions and dauntless courage, done so much to 
enlarge the bounds of geographical science. I have the honour to enclose herewith 
the official bulletin of this province, containing a short announcement of the arrival of 
Mr. Livingston,— a translation of which I also beg to subjoin. Mr. Livingston’s 
health has, I am extremely sorry to say, suffered severely since his arrival at this 
place; but he, notwithstanding, seems resolved to proceed op another tour of dis- 
covery, as soon as the state of his health. and other circumstances will permit. I 
have read this despatch to Mr. Livingston, whose illness will prevent him from pre- 
paring any report of his movements for transmission to England by the present 
opportunity. That gentleman requests me to add, for your lordship’s information, 
that it is with peculiar satisfaction he has learnt since his arrival here of the efforts 
now making by Commander Bedingfield, of Her Majesty’s steam-vessel Plato, to 
open up a commercial intercourse with the chiefs of the Congo, because in the 
course of his travels, he crossed the river Casai, flowing N.N.E. and N.E., and the 
Urango [sic] flowing due north, which are reported by the Portuguese traders in 
the interior as well as by intelligent natives, after watering an immense extent of 
well-pcopled country, to form, by their junction, the River Zairo or Congo. Mr. 
Livingston is of opinion, that if legitimate commerce were once established in the 
Congo, there is a high degree of probability that the slave-trade would be effectually 
checked throughout the whole extent of that country. I have, &c. 

° “ Epmunp Gasrigt.” 

‘ Loanda, June 22, 1854.” 


On the Shortest Routes to South Australia. By Capt. S. GAe. 


Remarks on the Lake Aulaga and tts Drainage in the Desert of Caranjas, 
in Bolivia. By Martuize Hamitton, D., Glasgow. 


This paper was illustrated by a diagram of the author’s route across the southern 
portion of the Great Valley, or table-land of Bolivia, between the eastern Cordillera 
and the snow-covered mountain of Sahama, on which two nights were passed more 
than 16,000 feet above the ocean. 

‘ After three days’ travelling from Potosi on the eastern Andes, in a south-west 
direction, the party, which numbered seven men and thirty-eight mules, descended 
to the valley of the Marquis, which on the west is bounded by a ridge or spur of 
the Andes, having along its eastern base a stream called the river of the Marquis, 
which runs south; it originating in the bifurcation. This ridge is some leagues 
long, and terminates abruptly in a ledge of water-worn rocks about 100 feet high. 
The valley extends south beyond the termination of the ridge, showing a cul-de-sac, 
which is formed by the bifurcation of the eastern from the western Cordillera, 
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which was distinctly seen by Dr. Hamilton while doubling the ridge on the 7th of 
November; on the 8th a river flowing from the south was passed, which at that 
date was only a few paces wide; but judging from an expanse of alluvial mud, that 
stream during the rainy season must be as broad there as the Thames at Hampton 
Court, and discharges much water into the southern extremity of Lake Aulaga, or 
Aliaga, t.e. the furze-bush or whin lake. It is so named from a stunted prickly 
shrub, a species of the Ulex Europeus of Linneus, which grows near the lake. 
That shrub and the dried droppings of the Alpaca tribe is the only sort of fuel ob- 
tained in this desert. Lake Aulaga extends about sixty English miles from north to 
south, with an average breadth of fifteen, but towards its southern margin it is 
about seven Spanish leagues, or twenty miles across from east to west, and on the 
north it receives the surplus water of the Great Lake Titicaka, which has only one 
outlet, the Disaguadera, or drain, which runs a course of 200 miles to Lake Aulaga, 
Much water is discharged from Titicaha into the Aulaga at all times of the year, but 
during the rainy scason there, from January till March inclusive, the quantity is 
very great. The distance by this route, from the valley of the Marquis to the moun- 
tain of Sahama, is about 250 miles, which required eight days, as the mules were 
loaded with thirty quintals of silver. Myriads of Llamas and Alpacas were seen, 
but water was not obtained except at a few spots in holes which have been dug to 
retain surface water which falls during the rains. On the 10th of November the 
Indian village of Andamarca was passed, which consisted of about fifty huts, © 
situated on a gentle slope, on whose summit grew a row of the Cactus Peruviana. 
The Curate stated that the distance between Potosi and Andamarca is about sixty- 
seven leagues, and from that village to Tacna eighty-four leagues. The only language 
spoken in Andomarca is the Ayamara, which is more euphonous than the Quichua, 
t which is used by Indians in Potosi and generally in Bolivia and Peru. 

On the Ilth the guide gave notice that water would not be found at night, so 
that it was carried a journey of forty miles for the men, and on the 12th, after five 
hours’ travel, a stream was crossed, the water being good and flowing to the south- 
west. It is one of the drains of lake Aulaga, termination unknown; on the morn- 
ing of 13th the snow-capped mountains of the western Andes were seen for the first 
time on the journey from the interior, and was a welcome spectacle, for both mules 
and men were suffering much from want of food and water, and were still eight 
days’ travel from the coast: this day another river was passed, it also flowing towards 
the south-west and distant about thirty miles from that of yesterday. The water 
was clear and good, moving one and a half or two miles an hour, over sand and 
gravel, with a breadth of about 20 feet, and the depth such that a long-legged mule, 
when in mid-channel, was above the knees in water. 

This nameless river is the principal drain of Lake Aulaga, and through it, of the 
great Lake Titicasa. The termination of this stream is still a mystery, though during 
the wet season in those elevated regions much water is conveyed through its channel 
towards the western Cordillera. On the 14th, the plateau of Sahama was reached, 
which, with its dome-shaped summit, was under snow, where the party passed the 
night in the open air, distant about fifty miles from the place where the river was 
crossed. Though a countless number of Llamas and Alpacas were seen iu the 
Desert, yet not a creature of any other kind was observed; and excepting those 
in the village of Andomarca, only four human beings were seen on the journey from 
Potosi to Palka, which, by the unusual route that was taken, is about 450 miles. 


Extracts of a Letter from the Rev. Dr. Livingston to the Rev. Arthur 
Tidman, D.D., dated Town of Sekeletu, Linyanti, 24th September, 1853. 
Communicated by Dr. Norton SHaw. 


*¢ When the obstacles which caused our detention at Kuruman were removed, we 
pasaed quickly towards the country of Sebituane, until within one degree of latitude 
fromthis town. All the people were then suddenly laid prostrate by fever, except of 
one lad and myself. This caused a further loss of time, but, through the goodness 
God, all recovered. On reaching this, the southern capital of the Makololo, we were 
received with all the demonstrations of welcome which they are accustomed to bestow 
on their chiefs. We embarked on the river called everywhere Leeambye, at the 
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village of Sekhosi, our fleet consisting of thirty-three canoes, and our company of 
about 160 men. From the bend at Katima-molelo up to the commencement of the 
Barotsey valley, the country is covered by forest and tsetse. Many villages of 
Banyeti, a poor but industrious people, are situated on both of them. They are 
expert as hunters of hippopotami and other animals, and cultivate grain extensively. 
Passing beyond these parts, the high banks seem to leave the river aod stretch away 
to the N.N.E. and N.N.W. until between twenty and thirty miles apart ; the inter- 
vening space, 100 miles in length, is the Barotsey country, and this is annually inune 
dated, as Lower Egypt is by the Nile. The valley is covered with coarse succulent 
grasses, which are the pasturage of large herds of cattle during a portion of the ° 
There are many villages of Makololo in the valley. I have not put down all that I 
visited, and many were seen in the distance; but there are no large towns. The 
reasons are, the mounds on which alone towns and villages are built are aJl small, 
and the people require to live separate on account of being rich in cattle. Nariele, 
the capital of the Barotsey country, does not contain 1000 inhabitants. We went 
north till we came to the junction of Leeba or Londa with the main stream Leeam- 
bye, in 14° 11! south lat., and found the country presenting the same characteristics 
as I have described. On returning towards Nariele, I went to the eastern ridge in 
order to examine that, and see the establishment of a merchant from the farthest 
inland station of the Portuguese, opposite Benguela. A stockade had been erected, 
and a flagstaff for the Portuguese banner planted. The houses of the merchant and 
some bastards were in the West African style. The owner, whom I had previously 
seen at Linyanti, was absent; but his servants did their utmost to show me kind- 
ness, When my boatmen prepared my bed outside, they insisted on my occupying 
their master’s couch; and i never felt so grateful in my life for a warm shelter, for 
I was in the cold stage of one of the intermittents, which continued to plagne me 
after the fever. I thought of going westward in company with this merchant, but 
the sight of gangs of poor wretches in chains at the stockade induced me to resolve 
to proceed alone. I have not, I am sorry to confess, discovered a healthy locality, 
The whole of the country of Sebituane is unhealthy. The current of the river is 
rapid as far as we went, and showed we must have been on an elevated table-land ; 
yet the inundations cause the fever to prevail very extensively. I am at a loss what 
to do, but will not give up the case as hopeless. Shame upon us missionaries if we 
are to be outdone by slave-traders! I met Arabs from Zanguebar, subjects of the 
Imaum of Muscat, who had been quite across the continent. They wrote Arabic 
readily in my note-book, and boldly avowed that Mohammed was the greatest of all 
the prophets. But for the destruction of my celestial map by the Boers, J might 
have determined the longitade by occultations alone, they being much more to be 
depended on than the common method of lunar distances. If, then, I am right, we 
are nearer the west than the east coast. Nariele is in 23° east, and the confluence 
of the Leeba or Londa not much more. I have not had time to work out the longi~ 
tude of that point ; but the river (Leeba) comes from the capital of a powerful state, 
whose chief is reported to be friendly to foreigners. If 1 am permitted to return by 
the chieftain, it will be water-carriage for perhaps two-thirds of the way: and 
should a mission be established there in time, it will be all the better. 1 intend to 
try for Loanda, because, though farther, many English live there. I go on horse- 
back, waggon-travelling being reported impossible on account of forests and nume- 
rous rivers. The Portuguese are carried in hammocks hung on poles—two slaves 
carry a man—but it does not look well. The Portuguese maps are all constructed 
from native reports, so no dependence ‘can be placed upon them. Many tribes 
inhabit the country, all more or less accustomed to the visits of strangers. The 
greatest difficulty, I apprehend, is that of making our objects understood. Their 
languages bear a close affinity to the Barotsey dialect ; but this I was compelled to 
give up reducing. The couatry in the direction of Mosioatunya has high mountains, 
and the Batska country is a high table-land, without trees except along the rivers. 
Healthy spots may be found in both of these ; but in neither did I feel it my duty to 
travel, betause the vicinity of Mosiltkatse renders it impossible for Makololo or any 
other tribe to reside there. A change may yet be effected among the Matibele, 
which would change the present aspect of affairs.” 
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On the Eastern Territory of the Ecuador and the River Napo. 
By the Rev. C. G. Nicoray, F.R.G.S. 


The object of this paper was to show the commercial value of this territory to 
Great Britain, and its accessibility by the river Maranon and the Napo. It stated 
that all the upper waters of the Napo are auriferous, especially the Arapuno, Anzupi, 
Aguarico, and the Pavanino, the latter being by far the richest; the Coca and Napo 
also abounding in gold, which is found not only in auriferous sands, but én situ in 
large quantities. The vegetable productions of the country were also stated to be 
most valuable, comprising cinnamon, from which it was originally named canelos, 
sarsaparilla, cocoa, tobacco, rice, indigo, vanilla, and the agave or pita now shown 
by Dr. Royle to be so valuable in manufactures. Seventeen villages of domiciliated 
Indians were enumerated, who were said to be of industrious habits, docile and 
gentle, numbering 6850 ; the wild Indians very numerous, but not dangerous. 

The rivers, which will admit of steam communication at present, are the Napo, 
Coca, the Curaray and Pastaza; and the head of this navigation is connected by a 
cross road, in continuation of av old road of the Inca’s, extending from the Pastaza 
on the south-west, tothe Coca on the south-east. 


Extracts of a Letter from the Rev. J. Rebmann to the Rev. H. Venn, dated 
Kisaludini (in Rubbai), April 13, 1854. Communicated by Dr. Suaw. 


‘‘Of that preparatory work mentioned above, which I have been engaged in this 
half-year, I would first mention the gathering of a vocabulary of the Kiniassa lan- 
guage, which I have now carried to the letter M. I need scarcely say, that it also 
belongs to the great South African family of languages. Sounds which we have 
not yet met with in other dialects are “ pf’? and “ps,” or “‘ bs,”’ for the latter of 
which I have chosen the Greek y. My informant is a slave from Mombas, who 
came into oar service before I knew anything about his origin, which ! rather acci- 
dentally discovered when I heard him once speak to one of his fellow-servants in a 
strange dialect. On inquiry, I was told that he was an M’niassaa, who, in conse- 
quence of international expeditions for slave-catching, was seized by a tribe called 
Wapogera, who sold him to the Wamariavi, and these to Suaheli slave-merchants, 
who had come from Uibu (a small island belonging to Mozambique, and on the maps 
called Ibe). At Uibu, which was reached after two months’ travelling at a very 
slow rate (in effective march only half the time is wanted), he was at last bought by 
slave-merchants from Mombas. This he thinks happened about ten years ago, while 
he is now a man of about thirty years of age. The remembrance of his country and 
language can therefore be well supposed to be very distinct. His native territory 
he calls Kumpande, two days west from the lake which, by the tribes who live on 
its banks, is called Niansha (or Nianja), of which the Suahelis evidently made 
Niassa. He states that he used to go very often to the lake in search of mia (pl. of 
miia), a species of palm, of the leaves of which the natives make mats, bags, &c., 
as also to buy cotton, which is grown near the lake, and of which they weave a 
coarse kind of cloth; while their better articles of clothing, as also their beads, brass 
wire, and especially their guns (called “ fuds” in their language), they buy from 
the Portuguese, who seem to have some settlements at no great distance from them, 
called ‘‘ Kubale’’ and ‘‘ Kumkéma.’’ The Portuguese are called by them “ Waki- 
gunda,” while the name generally given by the East Africans to Europeans is 
‘*Wasunga.” From that part of the lake’s banks, he used to come to from his 
home, the opposite side cannot be seen, but a boat starting at daybreak will reach it 
at sunset. Their bodte are, however, not provided with rudders, wherefore they 
only use oars. Following the margin of the lake to the south, through the territory 
of Maravi, for a few days its breadth seems gradually to decrease, till, asmy in- 
formant expressed himself, people on the one side are within call of people on the 
other side; but of its extent to the north he and his countrymen have no idea. They 
only know that it gets much broader there than it is with them; so much so, that 
they are deterred from fording it, because they lose sight of the banks, and therefore 
only go to neighbouring islands for fishing. During the cold and rainy season the 
lake ie said to be extremely boisterous, but during the hot season quite calm. 
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‘¢ When my informant spoke of the culd in his country, he described the water as 
getting a hard crust during the night, which of course can be nothing else bat ice, 
called ‘kungu’ in their language. This, however, is only found io small collections 
of standing water (and never in the lake Niassa). The Wakido (not Wahiau) are 
spread on the eastern banks of the lake; to the south and south-west are the 
Wamaravi ;. and north from these the Wakamtunda, of whom the Wakumpandi and 
Wapogéra are only subdivisions. The name Maravi, which in older maps is given 
as the name of the lake, I had never heard before from a native. Salimiui, my in- 
formant, never applied it to the lake, but to a large territory bordering upon it, and 
in part forming its south-western buoks. The occupants are called Wamaravi; and 
these, together with the Wakamtunda, and perhaps still the other tribes, are, by the 
Suahelis on the coast generally, comprised under the common name Waniéssa. The 
Wakamanga, whom, on the map of 1850, I have placed to the east of the lake, are, 
according to Salimini, to be placed even to the west of the Wakamtunda, to whom 
they stand in the same relation as the Wakamba tothe Wanika. He also mentioned 
a large river to the south of his country, which he called Temba, and the people 
living on its banks Watemba. Temba may be identical with Tembo, about half a 
degree south of Ibo (Uibu). [See W. Keble’s map of Africa, published for the 
Christian Knowledge Saciety.] In the vicinity of the Watemba are the Wanzunsi, 
who, from an abundance of iron in their country, seem to be the principal black- 
smiths among all the tribes around. On being applied to for hoes by people who 
have come from a distance, with a cow or goat for their barter, they will work all the 
night at their fires.”’ 


Hydrographical Remarks on the Improvement of the Port of Liverpool. 
By Gronce Rennie, F.R.S. 


On the Caucasus and Parts of the Crimea. By D. SEvmour. 


Mr. Seymour passed through the Crimea nine years ago, and spent one summer 
there ; in Circassia he spent three years, and visited it at two different times before, 
and after a long journey in Persia and India. The Crimea contains four races of 
people; amongst whom are the Tartars, the great bulk of the population; the 
Greeks, many remaining of the old Greek colonies established there; also an ancient 
colony of Jews, near Simpheropol; and lastly, the Russians, who had gone there in 
great numbers since the country came into their possession, about the year 1786. 
He referred to Perekop, which, he said, was a cold climate, little cultivated, and 
containing hardly any Russian population. The steppes and plains were similar to 
the Downs in Wiltshire. Thence there were slopes all along the country until 
approaching Simpheropol, near the centre of the island, and scarcely a tree or 
landmark to intercept the view. The plains then rise gradually on approaching 
Simpheropol, where the mountains are visible, and there are little undulating hills 
after passing that town. It is a pretty Russian town, with good houses, surrounded 
by woods, and is principally inhabited by Russians. To the south-west, about 
forty miles, is Balaklava, where there is a beautiful remnant of old Moorish archi- 
tecture, the palace of the old Khan of the Crimea; near that, in the mountains, is 
the colony of the Jews before alluded to. They are that section of the Jews who 
rejected the interpolation of the Talmud. Leaving Balaklava, he visited Sebastopol. 

After contrasting the southern with the northern portion of the country,—which 
he described as being different in their climate and general character,—he referred 
to the Tauric chain of hills which rise from the sea in a most delightful slope, on 
which the rich Russians come and spend the summer. With regard to Odessa, 
it was a place destitute of attraction in respect to climate and other circumstances ; 
in winter the cold was extreme, arising from certain winds, and in summer the clouds 
of dust were such as to render it almost uninhabitable. The southern coast of the 
Crimea was protected from the effects of these winds. There was good vegetation 
on the slopes of the hills, and the vine grew in large quantities. He had heard at 
Kertch that a portion of the wine produced there was sold in Europe as an inferior 
kind of port and sherry. 

Mr, Seymour afterwards returned to Simpheropol through the mountains, All 
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the southern parts of the Crimea are covered with stone tumuli and other remnants 
of successive generations of Greeks who had lived there at a very remote period. 
After describing Kertch, a new place, now one of great resort and much frequented 
by shipping, he crossed the straits which divide the sea of Azof from the Black Sea; 
this was the Cimmerian Bosphorus, where the ancients placed the entrance to the 
infernal regions. The general geography of that part of the world had altered much 
since it was mentioned by the ancient Greek geographers, and there were now no 
flourishing cities, temples, or monuments. After glancing at some of the ancient 
traditions connected with the localities he had visited, he directed attention to the 
country lying on the shores of the Black Seato the east, which was extremely 
beaatiful, and rich in vegetation, bearing a strong resemblance to the coast of 
Malabar. The southern shore of the Caucasus was also one of those favoured 
regions for the growth of shrubs and plants, and considered extremely fertile. All 
that country now occupied by the Russians, with the twelve forts, all of which had 
been abandoned, except Anapa, those on the lower southern range of the Caucasus, 
anu the lower ridges of mountains, as far as Georgia, were inhabited by the people 
known as the Circassians. After tracing the different races of the Caucasus, and 
showing their origin, the speaker referred to the power of Russia io that country, 
observing that she only possessed the ground on which the forts were built, and 
there was difficulty in obtaining sufficient food to support life. The forts on the 
east coast of the Black Sea were reserved as a sort of Norfolk Island for the army, 
and all considered as going too quick in the march of progress were sent to finish 
the short remains of their existence in that country. Such was the mortality, that 
the whole of the troops had to be renewed in about five years. Those who went 
there seldom came back again, and the regiments were not relieved, but left there 
until they died. 

Attempts had been made by Russia to gain the confidence of the Circassians, and 
even Greek priests had been sent there by the Emperor to induce them to become con- 
verts to the Greek Church, but hitherto those attempts had been unsuccessful. After 
describing the country of the Black Sea Cossacks, commencing at Kamarne, Mr. Sey- 
mour referred to the Russian territory in that direction, more especially the steppes, 
which, he said, contained a rich loamy soil, only requiring cultivation by the hand of 
man to produce large and luxuriant crops. In Circassia the Cossacks were keptin a 
continual state of alarm by their enemies the Circassians; they were always on the 
alert, and if any danger appeared they placed a torch to some straw of combustible 
material; this was a signal conveying the intelligence down the line, by which 3000 
or 4000 men could be summoned when the Circassians were likely to surprise 
them. The Cossack dress so much resembled that of the Circassians, that it was 
almost impossible to distinguish them ; and, as regarded personal safety, it appeared 
that every man was obliged to be constantly on the alert to save his life. The 
Russian army in the Caucasus, when he (Mr. Seymour) was there in 1846, was 
170,000 men; but a portion of them were always to the north of the Caucasus, the 
main part being concentrated to the left of Stavropol. 


Extracts from the MS. Notes of Travels of General Fevrier tx Central Asia, 
rom Teheran to Herat, Balkh, Candahar, and along the course of the 
Helmund and round the Lake Sistan. By D. Seymour. 


Communications on an Australian Expedition, from Capt. CHARLES 
Sturt, Dr. J. W. F. BLunpDELL, and G. S. Witson, Geologist to the 
Expedition. 

Capt. Sturt says his conviction is, from extensive observation, that there is a great 
inland sea, almost due south from the Victoria river. He crossed, when there, a 
stony plain, on which there was no vegetation, and another plain covered with 
eand. These places were the lowest land he could see; and the general dip of the 
country was from east to west. These earthy places frequently became covered with 
water ; and, the fall being to the west, he asked, where did those waters accumulate ? 
The contemplated expedition would perhape let us know whether there was any 


did 
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communication between the Swan River and the interior. Capt. Sturt thinks that 
a rich country will probably be found in the north, judging from the flight of some 
birds, and the vicinity of hills, between lat. 16° and 20°, and long. 120° and 133°. 
Dr. Blundell’s communication spoke of the necessity of any expedition proceeding 
from the north. __ 


On Glaciers in the Arctic Regions. By Dr. SuTHERLAND. 


On Modifications of Great-Cirole Sailing. By J. Towsom. 


On the Estuary of the River Mersey, and the hazardous and uncertain 
Approaches to the Port of Liverpool. By J.B. Yarss, M.A., FS.A.* 


ETHNOLOGY. 
On South African Languages. By Dr. Burcu. 


4 Description v Three Esquimauz, lately exhibited in London. 
. dy Racnarp Cutz, Hon. Sec. Bth. Soc. 


On the Ethnological Value of the Results of Philological Inquéry. 
By Ricuarp Curr, Hon. Sel Ek Soe. 


Notes on the Etrusean Question. By Wittiam Feeonn, LL.D. 
Communicated by Ricnarp Cutt, Hon. Sec. Eth. Soc. 


After travelling through, and my sojourn in, the country supposed to be the 
Original home of the Rasenas or Etruscans, and after having studied the language of 
the district, and examined the remains of antiquity, I venture to lay down the 
following positions as results of my researches :—1. The statement of Pliny, book 5, 
chap, 33, ‘‘The Alpine nations, who have withont any doubt this (&truscaa) 
origin, more especially the Rhetians, whose situation has made them savage, 80 a3 
to retain nothing of their original except the sound of their Ja e, and pot even 
that without corruption,’’ is to be received as true history. 2. immigration of 
Etruscans from Upper Italy into the Rhetian Alps, when pressed by the Geuls, ss 
related both by Pliny and Justin, is by no means impossible, but is. probable; and, 
therefore, their statement is credible. The open Alpine side valleys on the north of 
the wide plains of Upper Italy offer themselves as places of refuge to the conquered 
and dispossessed Etruscans. 3. The aboriginal Rhetimns and Etrascans 
wetther to the Germanic nor to the Celtic rece, but are a separate branch of the 
great Indo-European family. 4. The question of their relatioaship to the astient 
Iberians of Spain is not yet sufficiently investigated. 5. The Rheto-Romanish 
language, as in the literature of the Grisons, and the speech of the Rhetian Alps, 
contains about one thousand words, especially belonging to Alpine life and 
tion, the origin of which is not Germaa, nor Reman, nor Celtic. 6. Thees special 
Rhetian words give us no material for a satisfactory explanation of the Eiruecan in- 
scriptions. Etruscan antiquities have been found ia the Rbetian Alps: the late 
Count Giovanelli collected them for years, and bequeathed his collection to the ci 
of Trento in the Tyrol, where they are placed in a museum for the study of the anti- 
wary. Prof. Sulzer, of Trento, gave me copies of prints of two remarkable 
Rerascan antiquities. [Fine lithographs of the antiquities were exhibited.] 1. A brass 


© The notice of this peper is omitted, becaare the subject bas been referred tp a Gom- 
witice Cor special tuventigation. 
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il, found in 1828, on the Hill Caslyr, near Cembra, a small town north of Trento, 

deposited in Count Giovanelli’s museum. 2. A brass figure, found in the Val di 
Nén, near Meran, is in the Trento Museum. There is a remarkable tradition 
in the Grisons of the immigration of the Etruscans into the country. It is thas 
related by Campbell, in his ‘ History of the Grisons’:—When, in the summer of 
1654, Sienna was occupied by Peter Strozzie, in the name of the king of France, 
and was besieged by Papal and Florentine troops, the king of France demanded 
from the Grisons $000 men for his army. This contingent was to go to the relief 
of Sienna. The Grisons, however, expected but little success from this plan; for, 
since the remotest times, there was a deeply-rooted belief that any expedition which 
caused the descendants of the old Rhesetians to cross the Po into Etruria would be 
unlucky, because the Etrurian territory was their ancestors’ home, from which they 
had been expelled, and that the proposed expedition would be mach more unlacky, 
as it was to be undertaken for the French, whose ancestors, the Gauls, had displaced 
the old Etruscans, and occupied the country as long as Gallic tribes remained {a 
existence. The National Assembly at Davos declined to raise the contingent, and 
gave the French ambassador as a reason the above statement. 


On the Forms of the Crania of the Ancient Britons. 
By Joszen Barnarp Davis, M.R.C.S. Bags F.S.A. 


These remarks are chiefly founded upon the sku!l of an ancient Brigantian (?) 
Briton, derived from the Green-Gate Hill Barrow, near Pickering, and belonging to the 
“stone period.” An observant eye is able to discriminate between natives of the dif. 
ferent provinces of the same country, therefore a more comprehensive investigation of 
the bones of the face and head will tead to reliable conctusions respecting their speciffe 
forms. By extended observation, by keeping close to the teachings of the physical 
phenomena, and by regarding the information to be derived from history, philotogy 
and antiquities, more as illustrative and accessory, we may hope to obtain more 
definite and conclusive knowledge. In explanation of the uncertainty in which the 
subject is at present involved, it may be remarked—1!. Data have been ¢ . 
Browne, Faussett, Douglas and Hoare almost wholly disregarded osseous remains, 
which are even now mostly rendered valueless by the want of instruction in barrew- 
diggers. From a scarcity of authentic data, observations have been disconnected 
and immature. 2. Study has been foo much separated from that of human skulls in 
gereral. Taken up more as an antiquarian than anatomical or ethnological inquiry. 
3. Little attention paid to discrimination of veres and ages. Some ists of 
great learning have entirely passed these over, yet the cranium undergoes important 
modifications in the course of development and growth, not ceasing even in old age. 
These changes render it necessary to select examptes from the middle and matere 
season of life. Attention to sex is of even greater moment, as, if disregarded, errors 
may be induced extending to an entire class. The skulls of women seldom exhthit 
the normal and characteristic ethnic features markedly, and should be employed 
sparingly. 4. A prolific source of error consists in overtooking the great diversities 
of form which present themselves regularly in every family of the European races, and 
assuming that we shall find the cranial charactet more stereotyped as we ascend to 
primftive times. This assumption has probably led men of great distinction, upon 
blender evidence for the difference of antiquity of certain skulls, to refer them to a 
succession of races. A pleasing speculation, but more satisfactory grounds seem te 
be required for its establishment. 5. More definite views that prevail on primeval 
antiquities have dissipated certain preconceptions concerning cromtechs and ktetvaens, 
and the rites to which they were destined ; have proved that cremation ard inhama- 
tion were practised contemporaneously from the earliest periods; and that the 
doctrine of the mineral ages of stone, bronze and iron, if not received too exattty 
ahd emptoyed tee readily in solving difficult probiems, is in the main tree. Probabt 
until these advances had been made in archeology, the study of ancient crania cou 
not have been profitably undertaken. _— 

From these impediments it must not be inferred there are no fixed principles in 
the investigation. For,—1. Although it must be admitted there is considerable 
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diversity of form amongst the crania of even one people, extensive observation enables 
us to perceive the general characteristic marks which appertain to them. ‘These usually 
exist, and when duly elaborated, impart stability to our views. 2. If we regard the 
unity or diversity of origin of the human race as one of the arcana of nature, en- 
shrouded in primeval obscurity, whether wholly impenetrable or not, we are con- 
strained to admit that marked dissimilarities have existed from the most remote periods. 
This must be regarded as one of the established postulates of our science, without 
which it could have no sure foundation. 3. Another equally essential is the law of 
permanence of ethnic forms; that the characters impressed upon races are not trans- 
mutable, but constant. This law has been the subject of much controversy, but the 
facts adduced against it appear too dubious, unimportant and few to shake its sta- 
bility ; a stability uniform with that observed in all the other divisions of natare, 
and not to be successfully assailed by the hypothesis of development. 

The best course to be pursued in the study of the ancient British skull is to 
determine the normal form, and then to ascertain the usual deviations from it. This 
simple method, which has been employed in the elucidation of other natural objects, 
will reduce the subject to as great order as it admits of, and render description and 
delineation easy to be understood. A knowledge of the general character of the 
British skull is not to be obtained from the examination of those belonging to one 
tribe only, but from a comparative investigation of crania derived from many. In 
this view, it is believed the Green-Gate- Hill Barrow skull exhibits the true typical 
form of the ancient British cranium. Its most marked distinctive features are, the 
shortness of the face, which is, at the same time, rugged with elevations and de- 
pressions, the indications of wild passions operating on the muscles of expression ; 
zygomatic arches not unusually expanded; the nose short, projecting at an angle 
too great to be graceful; immediately above its root rises an abrupt prominence 
occasioned by the large frontal sinuses, which passes on the sides into the elevated 
superciliary ridges, and produces a deep depression between the nose and forehead, 
giving to the profile a savage character; the osseous case for the brain upon the 
whole not large, rather than smal! ; the occipito-frontal diameter somewhat con- 
tracted, and parietal diameter good. It ranges with the orthognathic crania, or 
those having upright jaws, and inclines to the brachy-cephalic division. It presents 
the uncivilized character, but from the mass of the brain it has evidently belonged 
to a capable savage, possessed of power, and fitted to profit by contact with men of 
other races. 

Having thus enumerated the chief peculiarities of the fypicad British cranium, we 
may advert to its leading aberrant forms, which admit of being arranged in a simple 
intelligible method. They will be easily understood as the abbreviated, or strictly 
brachy-cephalic ; the elongated, or dolicho-cephalic; the elevated, or, to continue the 
terms, the acro-cephalic; and the expanded, or platy-cephalic. Notwithstanding 
these aberrant forms, the whole series bears the impress of so many similar features, 
as to show that it constitutes one natural group. The dolicho-cephalic has been 
supposed to indicate an ‘‘ Allophylian”’ or “‘ pre-Celtic ” race, but it may probabiy 
be regarded as more properly a family peculiarity in some cases, and accidental in 
others, in which it has been met with in the same Barrow, and in a position proving 
the interment to be equally ancient, with a calvarium of the normal form. Stress 
has been laid upon the circumstance that it has occurred in Chambered Barrows, 
resembling the famous one of New Grange. The best informed antiquaries accord 
to these Barrows an extremely early date ; but that they have altogether preceded 
simpler and ruder sepulchral cairns, and were erected by a distinct antecedent race, 
appear to stand in need of much confirmatory evidence before they can be admitted 
with tolerable confidence. ° 

In the sepulchral Barrows of our native land we find the invaluable corporeal 
relics of an ancient race, especially the bony casket which contained the nervous 
centre of relations between men in all ages; and, if these relics be carefully studied, 
re have reason to hope we may learn much more of the ethnology of the ancient 

ritons. 
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On the Ethnology of the Liverpool District, with Notices of the Hoylake 
Antiquities. By the Rev. ABranaM Hume, D.C.L., EL.D., Liverpool. 


The author noticed, first, the physical features of the district, remarking that, 
from the extent of forest and marshy ground, the proportion actually inhabited was 
comparatively limited. This was mainly along the sea-coast and river margins, as 
well as in villages, and along leading lines of road. Great part of the hundred of 
Wirrall was uninhabited, and in Lancashire, the low-lying district to the north of 
the town. In the Roman times, the Brigantines inhabited Lancashire, and the 
Cornavii Cheshire. Afterwards, the Saxons dispossessed both; and in 894 the 
Danes seized Chester, but were expelled by Alfred, and forced to retreat through 
North Wales. The names of places are interesting, as Inch and Llandegan, words 
from the ancient British, and Mackerfield in Lancashire. The last word was 
originally Maeshir, or the Long Field, but the Saxons not understanding it, added 
feld or field. The Danish names of places lie along the water-side, as Penshy, 
Irby, Frankby, Greasby, Kirkby (West), Kirkby in Walley (Wallasey), Kirkdale, 
Crossby, Formby. The Saxon names are found further inland, as Bebington, 
Woodchurch, Upton, Everton, Litherland, Thornton. Mersey, Tranmere, and Bolton- 
le-Moors have a Norman form; while Up-Holland, Down-Holland, and Pilling- 
moss refer to the ancient condition of the district. The principal illustration, how- 
ever, of the tribes of population which had passed over the district, consisted of the 
Hoylake articles, found below high-water mark, near Leasowe Lighthouse. In size 
they embrace literally every object from a needle to an anchor; in antiquity they 
range from the most primitive periods to the time of George the Third ; in art, they 
comprehend every variety, from the most simple aid for human conveniences, up to 
objects of great artistic interest. They illustrate the pre-historic, the Celtic, the 
Saxon, the Danish, the Norman and medieval periods, but especially the Saxon 
time and people. It so happens that Hoylake was a line of communication, near 
two important rivers; and when Chester began to decline as u port, it rose for a 
time into great importance. Nearly 3000 acres of land in Bidston Marsh are below 
high-water level, and the sea tries to recover its own again. Ao entire village has 
been swept away, and the sea-beach has exhibited various aspects from 1771 to 
1772, again to 1813, and to the presenttime. The objects consisted of celts, objects 
in bone and horn, heads for bolts and shafts, pheons, keys, fish-hooks, spoons,. 
needles, needle-cases, a gun-rest, crosses, rings in great variety, scissors, buckles, 
tweezers, fibule, amulets, bones, coins whole, halved and quartered, seals, palmers’ 
tokens, a comb,- an axehead, &c. The whole of them were exhibited with the 
Fauasett Collection on Wednesday evening, the 27th. 


On the Lost Tribes of Israel. By James Kennepy, LL.B. 


On the non-Russian Populations of Russia in Europe. 
ByR. G. Latuam, M.D., F.R.S. 


To the present communication one made in the Statistical Section is the comple. 
ment. Therein are found the numbers, and distribution of the tribes under notice, 
as well as their names and classification. The general view of their history is all 
that is attempted here. ' 

We clear the ground by laying out of our consideration the recenf settlers or colo 
nists, e. g. the Greeks, Germans, &c.; also the originally alien, though now naturalized, 
populations of the Jews and Gipsies; also the populations of the frontiers of the 
neighbouring kingdoms, &c.— Wallachians, Bulgarians, &c. Having done this, we 
find that the remaining populations are referable to three great families, viz.— 

1. The Turk, by which is meant all those tribes whose language is akin to the 
Ottoman, or Osmanili, of Constantinople; its original geographical area being Inde- 
pendent Tartary. 

2. The Sarmatian, by which is meant all those tribes whose language is akin to 
the Russian, Polish, Servian, Bohemian, Lithuanic, and Let. It falls into two 
branches, the Slavonic and the Lithuanic. 

3. The Ugrian, hy which is meant all those tribes whose language is akin to the 
Fin of Finland—Fix, Lap, Tshud, Votiak, Tsherimiss, Morduin, &c. 
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- If we compare the tables laid before the Statistical Section with a map of Russia, 
we shall see the distribution of the different members of these different groups 
over the governments; and find,— 

a, That the Ugrians lie north and west ; 

b. The Turks south and east; the 

ec. Sarmatians west—the Slavonians being south rather than north, the Lithuanians 
north rather than south. 

The Ugrian populations, at present, are central, but in the southern parts discon- 
tinuous in their area, and separated from each other—fragmentary so to say. The 
hypothesis in respect to the original character of the Turk, Sarmatian, and Ugrian 
areas, and the history of the encroachments, conquests, migrations, and dis- 

lacements by which it has since been modified, is that, with a Ugrian population 
ip the centre, the Turks moved from south and east to north and west, and Sarma- 
tians from west to east; the effect of these movements being to break up into 
fragments the Ugrian area, one which, upon evidence too lengthy for exhibition, can 
reasonably be extended as far west as the Dnieper, and as far south as the neigh- 
bourhood of the Black Sea. 


On the Early Ethnology of Britain. By T. Wricat, Wf.A., FSA. 


On some Remains of an Early People in the South-eastern Corner of 
Yorkshire. By T. Wriaut, i.A., FSA. 


STATISTICS. 


On the Causes and Cons ces of the Preston Strike, 1853 to 1854. By 
Henry Asuwortn, F.S.S., Vice-President of the Manchester Chamber 
of Commerce. 


Tae Preston strike of operative cotton-spinners and weavers began August 1853, 
and lasted till the beginning of May 1854, a period of thirty-eight weeks. It 
originated in a demand preferred by the work-people foran advance of 10 per cent. 
on the rates of wages then being paid in the town. It was alleged in support of 
this demand, that the rates of wages in Preston were generally lower than ia other 
towns, and that the employers, when compelled to reduce the wages of their work- 
people in 1847, had given a promise to raise them on the arrival of better times. 
The masters, on the other hand, asserted that the rates of wages in Preston were, 
all things considered, equal to those paid in other towns; that no such promise 
had been given; and that a considerable advance had already taken place upon the 
wages paid in 1847. Notwithstanding these objections on the part of the masters, 
the demands of the work-people were generally conceded, only four firms actually 
refusing at the time the strike began. | 

In these circumstances, the immediate cause of the strike, or, as it soon became, 
the “lock-out,” was the insubordination of the work-people. Encouraged by 
concession, they grew more exacting and imperious in their demands, till resistance 
became a necessity of self-defence. In several establishments the authority of the 
employer was at an end ; be had no power either to dismiss or retain his servants ; 
the dictation of the men in matters vitally affecting his interests, and pertaining 
exclusively to his own jurisdiction, was supreme. To meet these evils, the ‘‘ Masters’ 
Association,”’ which had not been in active operation for several years, was revived, 
and a public notice was issued that the mills would be closed on a specified day, and 
remain closed till the work-people were prepared to resume employment in a more 
equitable and friendly spirit. In October, most of the hands belonging to the 
spinning ‘and weaving establishments in the town, amounting to about 17,000, were 
out of employ; they were organized and drilled by leaders from other towns; a 
plan, extending throughout the whale ef Lancashire, and embracing many of the 
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principal towns in other parts of the kingdom, was systematized for obtaining 
pecuniary support; the grossest intimidation was practised towards all who refused 
to join them, and work-people from other places who came to seek employment in 
Preston, were induced by bribery or threats to leave the town. The masters 
subsequently offered to open their mills at the same rates of wages as were paid 
before the commencement of the strike. In January 1854, other manufacturers, in 
various parts of the country, came to the help of the Preston employers, and the 
‘“‘ Masters’ Defence Fund” was established. After various unsuccessful attempts at 
mediation, the strike came to an end in May 1854, the masters’ terms being 
universally submitted to by the work-people. 

The following statistics illustrate the leading questions involved in the contest. 

First, to elucidate the general question of an employer’s ability to raise the wages 
of his work-people, we give, in decimal proportions, the elements which enter into 
the production of a single piece of cotton goods of the current manufacture of 
Preston, and of the market value of eight shillings and fourpence, or 100 pence :— 


The raw material, cotton, with the waste of manufacture.............+ 56 per cent. 
The rent, or the use of mills and premises; the charges for wear 

and tear of steam-engines, mill-shafting, machinery, &c.; the 

expenditure in coals for fuel, flour for sizing yarn, oil, tallow, and 

other outgoings; travelling expenses, rates and taxes, together 

with the interest on capital and the manufacturer’s profits on 

tra e ecccececccccceaceecescocces eseeagageae eaeeseogsecaseasee SOFECOseaneeaeecponoecavenove 19 ry) 


The labour account, or wages of operatives ..1......ccccssscsccesescevers 25 ng 


100» 


This calculation shows that an advance of 10 per cent. on the wages of the 
operatives would increase the cost of the above piece of goods from 100 to 102}. 
In September 1853, the market price for the same fell from 100 to 95, adding 
& per cent. to the deficiency, and increasing the sum which the employer would 
have to make up in order to meet the demands of the operative to 7}, to be paid 
out of the 19 reserved for rent, &c. 

In order still further to elucidate the ability or non-ability of the masters to give 
such an advance, we will suppose that a manufacturer employs 1000 work- people, 
and that their average earnings, children and adults together, amount to from 10s. 
to 15s. a-week. Ten per cent. on the larger sum would give an increase of 1s. 6d. 
a-week to each individual, or an aggregate of £3900 a-year. Towards meeting this 
we will suppose the manufacturer to retrench £1000 a-year in personal expenses, 
yet that which remains will make a difference of 2} per cent. on the interest due 
upon a capital of £116,000; an advance of 10 per cent. on the wages of his work- 
people will therefore affect the payable investment of that large amount of capital. 

The following figures will show the social importance of the Preston trade, which 
is chiefly carried on with China. The quantity of tea imported and left for con- 
samption in this country was, in 1851, 53,965,000 Ibs. ; in 1852, 54,724,600 Ibs. ; 
in 1853, 58,860,000 lbs. ;—average of the three years, 55,849,200 lbs. ; or, the 
population of the United Kingdom being 27,478,181, two pounds of tea to each 
individual. The average cost of tea in China is 1s. per pound, and the prime cost 
of all the tea consumed in this country, £2,792,460. Towards this large sum we 
annually export grey and white shirtings to the value of £1,500,000, two-thirds of 
which, value 1,000,000, are supplied by Preston, which therefore supplies con- 
siderably more than a third of the population of the United Kingdom with tea. 
Further, a Preston manufacturer produces his 10,000 pieces of cloth a-week, and 
thus, reckoning each piece at 8s. 6d., supplies cloth to the value of £221,000 
a-year. The population of London, 2,362,236 persons, and their annual con- 
sumption of tea at two pounds per head, would be equal to £236,233. Thus a 
single Preston manafacturer virtually supplies nearly all the tea which is consumed 
in the metropolis of the British empire. 

The following figures will test the probable atility to the work-people of the 
theory of partnership, as suggested by the Society of Arts. We will take as the 
basis of our investigations that part of the Preston trade which is carried on with 
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China, valued above at £1,000,000 annually. We have seen that 19 per cent. is 
the proportion of the value of a piece of cloth which has to bear a host of incidental 
expenses, and also supply the profits of the manufacturer. That proportion of 
£1,000,000 is £190,000. From this deduct, first, the interest due on the fixed 
capital employed in producing manufactures of that value. The capital sunk in the 
establishments of the associated masters of Preston is estimated at 1,000,000, 
four-fifths of which, or £800,000, may be set down as due to the China trade. 
Considering the uncertainty of trade operations, and the possibility of great occa- 
sional loss, 74 per cent. is a rate of interest not more than equitable on that amount 
of capital. We have therefore to deduct £95,000 from £190,000, leaving an equal 
sum, from which we have to deduct all the other expenses mentioned above, for 
which, perhaps, 4 per cent. is a moderate allowance. From £95,000 we have 
therefore again to deduct £40,000, which leaves £55,000 as clear profit. Let this 
sum, instead of going wholly to capital, be divided between capital and labour, we 
shall thus have £27,500 to divide among the work-people,—probably 17,000 in 
number,—which gives them 73d. per week, not much more 5 per cent. on 
their present amount of wages. us partnership would destroy capital without 
enriching labour, and in time render labour worthless by exhausting the fund out 
of which alone it can be employed. 

The pecuniary results of the strike are exhibited in the following calculations :— 
Capital sunk in the establishments cf the associated manufacturers of 


Preston CPHCAHREEEAHHSCHHREOHELE REO SE SEES EEOD COC esenecrseeesceneese COCR abe reaseiogvace £1,000,000 
Estimated trading loss to the employers ..........-sscesesessveesee 50,000 
Loss by depreciation, interest and other contingencies, for 
thirty-six weeks...... covecsecececes cocceccccccccscarccessocsccesssess 67,000 
Unavoidable expenses in wages, fuel and other items, during 
the strike ...scc-eseeee TTT TTT yyy eanesccceesss ob ecceeecccsoconecs - 28,000 
Loss in working machinery without adequate number, and 
with inferior description of hands .......sccsesssescesssessesees 20,000 
165,000 
Loss of wages to the operatives during the strike...... oacoeocneccsacenantes 250,000 
Loss of the contributors to the strike fund, whose contributions became 
abortive by the failure of the strike :— 
lackburn ...,.scccsocecacceccnscsseccccserenssocsovensses de 30,000 
Stockport ....ccocsocccssccescesscenses seecscscecscereees 10,000 
Preston cecccssesesseceees seencccccccesescccsscsscaccecsces 7,000 
Ashton, Hyde, Glossop and Staleybridge ......... 10,500 
Over Darwen .......«. eoeccecccece dna ceccesseeesces sesesee 4,000 
All other places and trades ...ccssssocsesscscsssereese 35,500 
97,000 
Estimated loss of profits to shopkeepers and innkeepers ......€11,250 
Estimated loss to carriers, railway companies, dressers, sizers, 
mechanics, and other auxiliary occupations ....++...serseees - 10,000 
21,250 


Total loss to the community by the Preston strike.........€533,250 
On the Reformation of Offenders. By T. B. Lroyp BaxeEr. 


The author strongly recommended reformatories instead of prisons, and showed 
the salutary effects of a reformatory established in the county of Gloucester, near 
Cheltenham. 


The Census of the Deaf and Dumb in 1851. By Davin Buxton, Principal 
of the Liverpool School for the Deaf and Dumb®*, 
Enumerations of the deaf and dumb have been frequently made, in several Euro- 
pean countries, and in the United States. The first time that any similar account 
was taken in this country was at the census of 1851. The general results are given 


* This paper is published in extenso in the Journal of the Statistical Society of London, 
June 1855, 
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(1) in the Education Returns, and (2) in the Population Tables; but while the latter 
are on the whole very satisfactory, and likely to be exceedingly useful, the former 
are grossly inaccurate, and calculated to be as injurious as they are unjust. They 
do not correctly state either how much money is raised for the education of the 
deaf and dumb, or how many schools are supported, or how many pupils ard 
instructed in them. Only a laborious comparison with the Population Tables will 
yield the information necessary for an accurate estimate. The Education Tables 
report nine institutions in England, and two in Scotland ; but they omit altogether 
from the account, the Asylum in London, the Institutions of Birmingham and 
Exeter, a School at Rugby, the Institutions of Glasgow and Aberdeen, and the Deaf 
and Dumb department in Donaldson’s Hospital, Edinburgh: yet from every one of 
these, returns must have been received; for all, without exception, are included in the 
Population Tables. Thus, it is discovered that there were not nine, but thirteen 
schools in England, which contained, not 392 pupils, but 816; and that Scotland 
had five institutions instead of two, which contained, not 89 inmates, but 250. The 
institutions in the United Kingdom contain at present 1401 pupils, and from their 
commencement they have educated about 6900. Tabular statements were read, 
showing the numbers of the deaf and dumb, and their proportion to the general 
population, in Great Britain and Ireland, the United States, France, and Prussia, 
and also in particular districts of these countries. The numbers actually under 
instruction in 1851, being compared with all who were of the eligible age, showed 
344 per cent. at school in Ireland, 50 per cent. in England and Wales, and 70 per 
cent in Scotland. Taking the whole deaf and dumb populations, Ireland educates 
5 per cent., France 5$ per cent., England and Wales nearly 8 per cent., Scotland 
moore than 114 per cent., and the United States nearly 12 per cent. There are 200 
Institutions in the world; a century ago there was not one. All the practical 
results accomplished are the work of the centennial period 1754 to 1854. In the 
former year the first Institution was founded ; andit is the establishment of Instity- 
tions which has made the work of instruction permanent and progressive. 


On the Supply of Gold from Australia and from English Rocks. 
By Joun CALVERT. 


On the Effect of Good and Bad Times on Committals to Prison. By the 
Rev. Joun Ciay, B.D., Chaplain to the County House of Correction, 
Preston 


It has long been a popular opinion, that committals to prison increase in bad 
times. More than thirty years’ observation of committals in North Lancashire lead 
to an opposite conclusion. In four ordinary years ending June 1824, the average 
annual committals were 119; in the prosperous 1825, the committals were 177; in 
the year of distress 1826, they were 172; and, in the year of reviving prosperity, 
1827, they were 269. In 1836-37 a strike in Preston threw 9000 hands out of work, 
two-fifths of whom were under 19 years old. The consequent idleness caused an 
increase of young offenders; but the aggregate committals were less by 59 than those 
of 1827. In 1840 a county police was established. In 1842-43 great distress ex- 
isted, attended by sedition and riot; yet in the ycar of greatest distress, the com- 
mittals were 20 per cent. below those of the preceding year. The ten years ending 
June 1854, embraced two seasons of prosperity and one of extreme distress,—the 
distress unattended by any other influence which aggravates criminal tendencies. 
In 1847-48, 45,000 “‘ hands” were out of work, or on short time: in the Preston 
Union, 12,000 adults were receiving out-door relief. Young offenders increased, 
but the aggregate of committals was 7 per cent. below that of the preceding year. 
Committals to the sessions during three hard years, 1846 to 1848, averaged 332 
annually; during the four good years they averaged 390. Summary committals 
during the hard times averaged 718 yearly, during the good times 1249. In the 
last of these ten years, ending July 1854, the Preston atrike threw 18,000 hands out 
of work. The committals to the sessions of males increased, of females decreased, 
Summary commitals of all classes decreased. Committale of all kinds in the six 
months of the strike, as compared with the six months preceding, decreased 32 per 
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eent. Of 8500 young persone (under 21) out of employ, only 86 were committed to 
prison. During the strike, the lessened expenditure in public and beer-houses was 
a trifle more than £1000 per week. 

The general conclusions from the above are, that hard times may add a few cases 
to the calendars, and that good times greatly tend to increase sammary convictions. 
The increase to the sessions consists of the young, thrown into idleness; the in- 
crease of summary cases arises from the intemperance encouraged by high wages. 


On the Fluctuations in the Herring Fisheries. 
By Joun Ciecuorn, Wick. 

The author had his attention called to this subject by the notorious fact, that 
districts once prominent for their fishing stations are so no longer, and that fluctua- 
tions in the produce of this fishery form a striking feature in its history, and have 
never been satisfactorily accounted for. The assigned causes for the decay of fishing 
districts, and for the fluctuations in the produce of the fishery, he found were moral 
as well as physical, and the physical were generally as untenable as the moral, and 
the whole a jumble of contradiction. 

To ascertain if there was a uniform law governing the whole, and what that law 

_ was, he tried to make himself acquainted with the natural history of the Herring. 
From the reports of the Board of Fisheries, and from other sources, he endeavoured 
to ascertain if there was anything like uniformity in the rise and fall of stations, and 
in the fluctuations to which the fisheries are subject. The result of his investiga- 
tions are— 

I. That the herring is not migratory, but a native of the waters in which it is 
found: that within very narrow limits races exist distinct in size, quality, and 
time of spawning, and always maintain their distinctive features: that in con- 
gregating for spawning the herring is brought within the scope of those agents em- 
ployed for their capture, and those agents he found are, 10,974 boats, 41,045 
seamen, employing 81,934,330 square yards of netting, an extent of netting that 
would cover an area of 26} square miles, or, if extended lineally, would reach 4741 
miles. 

II. He found, that about twenty-five years ago the extent of netting was far less 
than that now used, and the produce of the fisheries nearly as great as at present, or 
that the increase of the herrings taken bears no proportion to the extended netting. 

III. In the rise and fall of stations, he saw in the statistics a steady increase in 
their produce up to a culminating point, then violent fluctuations, and final ex- 
tinction. 

IV. He found that the races nearest the large seats of population, and in the most 
accessible waters, have first disappeared ; and that in districts where the tides are 
rapid, as among islands, and in lochs, where the fishing-grounds are circumscribed, 
the fishings are precarious and short-lived; while on the other hand, extensive sea- 
boards, having slack tides, with little accommodation for boats, were surer, and of 
longer continuance as fishing districts. 

rom these premises he concludes, that the extinction of districts as fishing-sta- 
tions, and the fluctuations in the fisheries generally, are imputable to over-fishing, 
and that we are now doing for the east coast fisheries what has already been done 
for those on the west coast: that, therefore, the attention of the British Associa- 
tion, and through it the Government, should be called to the subject, that such 
arrangements may be adopted as will make the Herring Fisheries a perennial source 
of wealth to the nation. 


On the Current Price and the Cost Price of Corn in England during the 
last Ten Years, as illustrating the Value of Agricultural Statistics. By 
JoHN Towne Danson. 

The purpose of this paper was to show the extent of the fluctuations of the curres¢ 
as compared with the cost price of corn, and particularly of wheat, and their die- 
astrous effect on the capital employed in agriculture. 

waing t e Gazette returns of prices, and the Board of Trade returns of imported 
grain, Mr. Danson had formed a eeries of tables, showing the prices actually paid 
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to the producer for the produce of each harvest since that of 1843, the apparent 
fluctuations of supply and demand, and the total sums paid (by the consumers) for 
‘British grain in each year. The most striking result obtained is apparent in the 
following figures :— 
Total sums estimated to have been received by the British producers 
of wheat in each of the last eleven harvest years, 


1843-44 ...... £38,953,000 1849-50 ......27,817,000 
1844-45 ...... 43,910,000 1850-51 ...... 24,063,000 
1845-46 ...... 41,672,000 1851-52 ...... 26,936,000 
1846-47 eoates 50,989,000 1852-53 eeecce 30,195,000 
1847-48 ....... 37,647,000 1853-54 ...... 34,864,000 


1848-49 ....«. 30,009,000 


After tracing this guctuation of the returns in the business of grain-growing in 
to the absence of a mercantile spirit among the growers, and pointing out how, 
in other occupations, such obstacles as those of adverse seasons, and the irregularity 
of individual action, are frequently overcome, Mr. Danson suggested the use of a 
sound system of agricultural statistics as likely to be quite as useful to the farmer as 
to the consumers of his produce-—saving the former from uncertainty in the invest- 
ment of his capital as much as the latter from the distressing alternations of glut 
and acarcity. 


On Decimal Coinage and Accounts, showing the impracticability of the france 
or tenpenny unit. By Jacos A. FRANKLIN. 


The author commenced by stating that the advocates of the penny integer delude 
themselves by assuming that the proposed “ English franc” or tenpenny piece, would 
harmonize with the French franc, or that the proposed “ English dollar,” & francs of 
50 pence, would harmonize with the U.S. dollar. 

The following are the exact legal weights of fine bullion assigned by the respective 
Mints of England, France, and America, to the values named : — 


French 5 fr. American Dollar. English 50 pence. 
grs. gre. . gre. 
Gold .. 22°40179514 23°22 23°542001 ay 
Silver. . 347°22783 345°5591 336°3636,4, 


The disparities between these weights and values are such as to render it imprac- 
ticable, even if it were honest, to palm off, internationally, the inferior coin for its 
nominal equivalent. Nevertheless, the closer the approximation—stopping short of 
complete equality—-the less would be the protection of ordinary persons against 
fraud, error, and confasion incalculable. 

It is obvious that the actual par of exchange (bullion against bullion) is, for gold, 
in inverse order to that of silver; and supposing it were honest and expedient to 
subvert our gold standard, even then, except a convention -money be concerted and 
rendered a legal tender in the several countries (like the Conventions Miintze of Ger- 
many), international exchanges would be more tedious to calculate between moneys 
differing merely 1 in a thousand, than between those differing 1 in 10. _ 

All desire to stay by the simplicity of decimal accounts, and to abolish the com- 
plications of compound arithmetic ; but it is found that we cannot preserve both the 
pound and the penny. For a host of cogent reasons we elect to retain the pound. 
The relation borne to the pound by the intervening shilling can be expressed deci- 
mally. Shall we discard both the pound and the shilling for the sake of the penny, 
which is not decimally expressible in either of the other denominations; and write 
henceforward 24 or 240 instead of 1 (pound) ? 

In the contest it is overlooked, that all existing coins of circulation might, as such, 
remain available, whether the pound or the penny be the unit of accouné. The cop- 
per penny might still pass 6 to the half-shilling, while the ‘ Five,”"—a small and 
obviously dissimilar piece of more valuable metal or alloy (perhaps silver, copper and 
nickel)—would circulate concurrently 5 to the half-shilling ; and so enable the public 
ere long to choose between the two methods of harmonizing decimal accounts and 
lecimal coi 


coinage, . 


. 
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On the Laws of the Currency, as exemplified in the Circulation of Country 
Bank Notes in England since the passing of the Act of 1844. By J. W. 
GiLBaARrT, F.R.S. . 


The author commences by observing, that it is a gratifying circumstance that 
questions relating to the currency are no longer connected with party politics, buat 
are now regarded as presenting topics for scientific investigation, and he believed, 
that by no science can they be more clearly and successfully investigated than by the 
" ecience of statistics. 

The inquiries in this paper are limited to that portion of our currency which 
consists of notes issued by country bankers, and are considered chiefly in reference 
to those fluctuations in the amount of their circulation, which have occurred since | 
the passing of the Act of 1844. 

The Charter of the Bank of England was subject to renewaldn the year 1844, and 
in that year was passed an Act of Parliament “‘ to regulate the issue of bank notes, 
and for giving to the Governor and Company of the Bank of England certain privi- 
jeges for a limited period.” 

The charges against the country circulation had been, that it was unsafe, 
excessive, and ill-regulated. The Act of 1844 dealt chiefly with the second of these 
accusations. 

According to the provisions of this Act, no new bank of issue was permitted to be 
established in the United Kingdom, and the maximum amount of notes which each 
existing bank of issue might issue upon an average of four weeks, should, after the 
10th October, 1844, be the average amount of the notes in circulation during the 
twelve weeks ending the 27th April, 1844; that returns should be made to govern- 
ment of the average amount of notes in circulation during each week, and if, upon 
ap average of four weeks, the amount in circulation exceeded the authorized amount, 
the bank should be subject to a penalty equal to the amount of that excess; that 
if any existing bank not having more than six partners should increase the number 
of partners to more than six, it should lose the privilege of issue; that if any two 
banks should unite, so as to increase their number beyond six, they shall lose the 
right of issue; and if any banker shall become bankrupt, or cease to carry on the 
business of a banker, or cease to issue notes, it shall not be lawful for sach banker 
at any time thereafter to issue any such notes. 

The charge of being unsafe the Act did not meddle with, except so far as limiting 
the issues of each bank, and prohibiting any new bank of issue, may be regarded as 
elements of safety. But the Act of 1844 left the country circulation still unregulated 
by the amount of gold in the Bank of England. In the month of October, 1844, 
when the Act came into operation, the amount of gold in the Bank of England was 
£ 12,149,367. On the 23rd of October, 1847, the amount of guld was 6,745,354, 
but the law required no corresponding reduction in the amount of the country 
circulation. On the 10th of July, 1852, the gold had advanced to €21,845,390, 
but the law permitted the country circulation no corresponding expansion. It does 
not therefore appear to have been the object of the Act, that the country bankers 
should regulate their issues by the amount of gold in the Bank of England. 

The provisions of the Act differ in some respécts from those of 1845, passed in 
reference to the banks of Scotland and Ireland. 

In England should any bank exceed its authorized issue, it would incur a penalty 
equal to the amount of the excess ; but in Scotland and Ireland a bank may exceed 
its authorized issue, provided it has in its coffers an amount of gold equal to this excess. 

There is still another difference in the laws of 1844 and 1845, with reference to 
England, and to Scotland and Ireland. In Ireland and Scotland two banks of issue 
may unite, and the united bank have the united circulation. In England, if two 
banks of issue, either of which has more than six partners, should unite, the circu- 
lation of one or both of these banks would be lost. Unions of banks in either 
Ireland or Scotland are not very likely, nor perhaps desirable. The banks are large, 
have a respectable capital, and enjoy the public confidence. Ia England many 
banks are small and have small capitals, Union among them would be highly 
beneficial, Yet such is the waywardness of legislation, that the Acts of 1844 and 
1845 give facilities to unions in Ireland and Scotland, and restrict them in England, 
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There is another difference between England and Ireland. If any banks cease to 
issue, the Bank of England may extend her issue to two-thirds of the amount with- 
drawn. In a similar case, the Bank of Ireland may extend her issues to the whole 
amount thus withdrawn—Why this difference? we do not know. 

The charter of the Bank of England will expire at the termination of twelve 
months’ notice, which may be given by the Government, at any time after the 1st 
day of August next. It is not the object of this paper to examine any of the enact- 
ments of the Act of 1844 that have a reference to the Bank of England. But when 
the subject is brought under consideration, means should be employed to obtain 
some modification of those clauses that have a reference tothe country banks. The 
country circulation should be preserved in its integrity—should be rendered capable 
, of expansion, so as to meet the demands of a more numerous population, higher 
prices, and increased taxation,—its issue should be regulated by the demands of 
trade and agriculture in the respective districts in which the banks are established, 
and should be rendered as much as possible frec from the operation of the foreign 
exchanges. 

We find that in 1844, when the country circulation had greatly declined, we took 
the actual circulation of the then existing country notes, and made it a maximum 
circulation,—an arrangement which necessarily, from the fear of incurring penalties, 
reduced the amount of the actual circulation below the maximum. We apply this 
maximum to a circulation that fluctuated very mach in different parts of the year. 
If, then, we keep below the maximum in April, we neccssarily fall much lower in 
August. We divide this maximum among 277 banks, and impose heavy penalties 
upon every one that suall exceed his portion of the maximum,—a circumstance 
that tends to reduce still further the actual circulation. No one is forbidden to 
reduce his issue as low as he pleases ; and if he abandons it altogether, only two- 
thirds can be supplied, and that by permission of the Government; and then only 
upon the application of a bank whose head-quarters are in London, who is to get 
nothing by the operation, and whose issues are governed by laws which have been 
declared by the country bankers to be inapplicable to the operations of a local 
currency, and unsuitable to the requirements of domestic industry. This maximum 
must never be exceeded, while those banks that previously issued Bank of England 
notes, are not allowed to resume their own circulation, and no new bank of issue is 
allowed to be established. The result of this arrangement has been, that an au- 
thorized issue in 1844 of £8,648,853, is now reduced to an authorized issue of 
£7,942,466, and that the actual circulation is generally below £7,000,000, and has 
been below £6,000,000; while every banker, in certain seasons of the year, has 
been compelled to watch the issue of his notes, lest he incur those enormous penalties 
which attend even the accidental violation of the Act. 

In endeavouring to remove these inconveniences, we would be governed by a 
regard to the spirit of the Act of 1844, and attempt only to correct its practical evils. 
Among the modifications that may be suggested, perhaps the following may deserve 
a special consideration :—That the present maximum which applies to an average of 
four weeks should apply to an average of twelve months ;—that all the banks who 
had formed agreements with: the Bank of England, and whose compensation will 
cease in 1856, should then be allowed to circulate their own notes to the amount to 
which they had circulated Bank of England notes ;—that the country circulation 
should not be less than the amount fixed by the Act of 1844, and that the deficiency 
of £706,387, which has since taken place, should be redistributed among the 
country banks (whether at present issuing or non-issuing), in the district in which 
the deficiency has taken place ;—that we adopt the enactments of Scotland and 
Ireland, by allowing the existing banks of issue to extend their issues beyond their 
fixed amount, provided they have gold, either at the head office or at any of the 
branches, equal to the amount of the excess; and as Bank of England notes are a 
legal tender in England, and can be converted into gold upon demand, they might 
in this instance be placed upon an equality with gold ;—that banks of issue, not 
having more than six partners, be permitted to continue their fixed issue in the same 
locality, even should they increase their partners to a greater number than six; and 
that this regulation be made retrospective, so as to include all unions of banks of 
issue with other banks that have taken place since the year 1844; and farther, that 
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we adopt the law of Scotland. and Ireland by allowing two or more banks of issue, 
whatever may be the number of their partners, to unite and to retain the united 
amount of issue of all the united banks. With reference to the issue of notes under 
£5, we think that is a question for the consideration of statesmen, and its adoption 
must depend upon the political circumstances of the country. As long as Australia 
can supply us with gold sufficient to meet our foreign requirements and to maia- 
tain our domestic currency, probably we had better remain as we are. At the same 
time it may be useful to know, that, in case of necessity, we have here a magazine 
from which we may draw a large supply of the sinews of war. 


On the Education of the Poor in Li . 
By the Rev. A. Hume, D.CL., LLD., F.S.A. 


Suggestions for improving the present mode of Peeping and stating the 
National Accounts. By CHARLES JELLICOR, Fe of the Statistical 
Society. 

The object of this paperwas to showthe many inconveniences arising from the mode 
in which the national accounts are at present stated, and to suggest a more accurate 
one, by means of which those inconveniences would be got rid of, and many real 
advantages obtained. It was pointed out, for instance, that bond fide purchases 
were on all occasions blended with ordinary expenditure, and thus not enly were 
the annual expenses of the country improperly exaggerated, but the purchases 
themselves, from the nature of the arrangement, altogether lost sight of in a year or 
two, and thus any check upon a revenue arising from them also foregone. It was 
argued that if a proper statement were annually made of the national assets and 
liabilities, in which a due record was contained of all the items of the property 
belonging to the country as well as its “ indebtedness,”’ materials would be in a few 
years at hand which would afford at one view a complete insight into the. financial 
condition of the country, and give the means of judging with comparative ease of 
the propriety and feasibility of such projects for its improvement as might at an 
time be brought forward. The returns from the Treasury, under Mr., Wilson’s 
superintendence, were more carefully got up of late years than formerly, but they 
were without connexion or coherence. It was shown how this defect might be 
remedied, and how these returns might be condensed into the smallest compass 
without any sacrifice of the minutest details. 


On the Rise, Progress, and Present Condition of Joint Stock Banks. 
By James KniGut. 


The author commenced by glancing at the origin of the Bank uf England, and 
its resources at different periods since the passing of the Bank Charter Act in 
1844. The chief. object was to exhibit the rise and progress of the several Joint 
Stock Banks carrying on business in the Metropolis, viz. the London and West- 
minster Bank (established in 1834); the London Joint Stock, in 1836; the Union 
Bank, in 1839; the Commercial Bank, in 1841; the: London and County, in 
1839; and the Royal British Bank, in 1849. The resources of these were, to 
the latest period of publication (June, 1854), in the aggregate 3726 proprietors, 
holding 186,084 shares, and representing capital ‘‘ subscribed ’”’ £12,604,200, and 
“paid-up” £2,767,035. Deposits, £25,250,171, and the dividends ranged from 
6 to 15 per cent., three of the banks paying 10 per cent., one 14 per cent. and 
one 15 per cent. At the three divisions of the quinquennial periods comparative 
analyses were made into the ratios of deposits to paid-up capital, profits to 
paid-up capital, and reserved funds to paid-up capital. At the end of the second 
five years the ratio of the reserved fund to paid-up capital was, in the case of the 
London and Westminster Bank, 8°353, and to deposits, 3°010; in the London Joint 
Stock, 20°019 and 4°91 per cent.; in the Union Bank, 11°823 and 1°763 per cent. ; 
in the London and County, 13208 and 1°948 per cent.; and in the Commercial 
Bank, 15°318 and 3°370 per cent. respectively. In the ¢hird quinquenpial period 
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these ratios were fully sustained. The dividends of the London 
‘and London and County Banks showed an increase of 2 per cent., 
3 per cent. respectively. 
By the returns published to the most recent date, viz. 30 June, 1854, the ra 

“* deposits ’’ to “‘ paid-up capital” was 689°247 per cent. in the London and West- 
minster Bank ; 972°984 per cent. in the London Joint Stock; 1662°681 per cent. in 
the Union Bank, and 421°969 per cent. in the Commercial Bank. The London and 
County Bank was, on 3lst December, 1853, £866°995, and the Royal British, 
1610°570 per cent. The reserved fund of the London and Westminster Bank was 
£125,307 ; of the London Joint Stock,£153,549 ; and of the Union Bank, £120,000. 
The latter increased from £50,000 to £120 000, by the appropriation of £70,000, 
derived from premiums on the issue of unallotted shares, at £5 premium. The 
prices of the shares were as follow :— 

London and Westminster. . #20 paid. . Price £40. . £20 premium. 

London Joint Stock ...... »» s» 27... 17 

Union Bank ....... 00000. 10 » oe gy ~«=—o28.-S 18 

London and County ...... 20 , .. » 32. 12 

Commercial ............ 20 » -. » 35... 18 

Royal British............ 5 ” 5.. par. 

An explanatory statement of the “ Clearing “system,” and some remarks on “ Li- 

mited and Unlimited Liability,”’ concluded the paper. 
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On the non-Russian Populations of Russia in Europe. 
Communicated by R. G. Latnam, M.D., F.R.S. 
{From the Transactions of the Royal Geographical Society of St. Petersburg. ] 

The comment upon the following table (which gives the distribution of the various 
native and naturalized populations of European Russia over the different Govern- 
ments) is to be found in the abstract for Section E., before which the geographical 
and ethnological view of the subject was laid. 


Hence the two papers are complementary to each other, and may advantageously 
be read together. 


I. UGRIANS. Auramoise. 
Samoyeds. Of Novogorod CCoeoneesecoveseongare 31 
Of Archangel Ceeerovesecsseseseosenne 4,495 St. Petersburg etocces Cecocacce ee 29,344 
Laps. 
Of Archangel seetec eee seeeee eseee 2,289 Savakot. 29,375 
° Voguls. Of St. Petersburg ....... sesvscccees 42,979 
Of Perm. .....coccssccsscecssssresteccsces 873 Tshor. . 
OrN Tehud. 7 67 Of St. Petersburg evepevesecescccece 17,800 
OVOZOFOd sccccccccees ecccnceccove 750 Karelians. 
Olonets eeq@enacese eeooseeeaeteeeeeeee 8,550 Of Archangel... ecccees eccvecvsos gees 11,228 
Novogorod ...cscccccsscecsccecs 27,076 
. Vod 15,617 Oleonets cocesccccsee evsccceescccees 43,810 
Of St. Peteraburg.....ssessssssseseees 5,148 | St Retersbarg ssvsserrerseeeseee 9,060 
Esthonians. TVEr ssssessones sessetssesseerseess 84,638 
Of Vitebsk. savecnse One cereenensetese 9,936 Yaroslav ccc ccnccnccccccecccesece 1,283 
Livonia......ssees eveeee ccccessses 305,216 
Pskov eoecosece SCasenertonacscss ° 8,000 . . . ] 1,6 5 
St. Peteraburg ...... csosscons » 7,736 Ziranians. 71,69 
Esthonia eeeee00 @eeseseeneteeeenees 252,608 Of Archangel ceeercvee poeore eooseesce 6,958 
Vologda......sesccccscccvsccsscees 64,007 
633,4 
Lief. a Permians. 70,965 
Of Kurland .....ccccsescssees cooeee 2,052 | Of Viatka ....ccceccccces ccccsececece 4,599 
Livonia -(Liefland) eeococres bees 22 Perm ..cccccccccscccescccsccccccves 47,605 


2,074 : | 52,204 


140 
Votiaks. 
Of Viathka ....cccccscocceee eccceecess 181,270 
BAZAN cccvccccccscccenes 5,500 
Orenburg ......cscccccseesccccees ? 
Samar ..cccccsccscoes cececees 2 
Besermanians. 186,770 
Of Viatka ..cccccesccees eceecevees vee §=—- 4,545 
Tsheremis. 

Of Viatka cescccrccseccccccssccersces 70,450 
Kazan oes. cectecccccccece 71,375 
Kostroma ..ccccssecnscosees eoeces 3,357 
Nizhnigorod ....... cenveccsccceens 4,330 
Orenburg ........- coveceee secsoee 2,626 
Perm ..scccvocseccces ceccees cessees 7,938 

Mordvins. 165,076 

Of Astrakhan .......csccccsceee soceee 48 
Kazan ......+. seereeee ccnccccccceses 14,867 
N izhnigorod coseesseee eecescocees 53,382 
Orenburg ...cccseceee cecccccvees . 6,200 
Penza ....- secveccvonecesscevecececs 106,025 
Samar .ccesesose ee ecccccsccecs eeceee 745,910 
Saratov Ccccecccccenvcccesennces 78,010 
Simbirsk .....ccccccccvcvccccccesces 98,968 
Taurus ...cereve oevecscccesscesecs 340 
Tambov ......0. PTT TT TITTY ccceee 48,491 

Tshuvash 480,24) 

Of Viatka SeasSeeeSGoeoesesaae @eeascatce 17 
Kazan ..cccscccee PPPTTSTTTTTTy eee» 300,091 
Orenburg oeececcesecsace eebscveee 8,352 
SQMAL..ccscccccescccccsccccccecs ves 29,996 
Saratov. eeeace oecccese Overececcncs 6,852 
Shabirsk ....cccscsesecsecceccssvess 84,714 


429,952 


II. TURKS*. 
Tartars (so called by the Russians). 


Of Astrakhan.......... cccccees seccee 21,092 
Vilna PCRS H HO TEO Oo eeaareese beeece see 1,874 
Viatka ...... cersccecstccesenccses 545,944 
GrOdnO crcccccccceccccccccsseccees 849 
Don Kosaks ..,.0.ce0« ea cevwccene 629 
Kazan ...cccscsscccccccsscees coseces 08,574 
KOvn0...ccccssecccecses weecerecs vee 415 
Kostromar essccceccsssces cecces ee 262 
Minsk ....000- seevees ceccees ccoesees 25120 
Nizhnigorod ......c.scecscevcvess 22,788 
Orendurg cecscsecceccecececcesecs 230,080 
PeDZA cocssscccescccsccccssversseess 34,084 
Perm ...ccovcescccccccesccescccces - 17,271 
Podolia .........008 eeecccscccavees 46 
Riazan seccecccccccevscevese 4,725 


Samar .cceccoces ooeneces Soevensteves 83,927 
Saratov SEO Teeoeorecoenecosenesence 46,713 


® This includes the Nogays. 
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Of Simbirsk Oocens Peeeheseteocosoncs 67,730 


Stauropol COveOsoeneessocvasesgsee 96,037 
TAUFiS ..ccccscccccccsccccctcccsescss 275,622 
Tambov ....cccccsccccceee ecoccee e- 10,640 
Eathonin ...ccccccccccesece escceee es 12 
1,284 ,234 

Karakalpaks. 

Of Astrakhan ...........ccssees wovesseee 60 
Orenberg...... erccecsccccaces vocsccece 2 
Perm ...«. oc cceccnesecceccccsecsocsces ? 

60 
Trukhmen (Turcomans). 

Of Astrakban ...cccsccccscccsccvccecs 1,600 
Stauropol ....cccosssseccssccccess 5,271 
"TAULid pcecccccccccsccccccesceccccoce 450 

7,321 
Khivans. 

Of Astrakhan ......cscssssecsccsees oe 190 

Saratov eee ebseossesees OOS ees Ceogege 25 
215 
Bashkirs. 

Of Viatka .occsscsesceees peeveesecs .- 3,617 
Orenburg ...... cecccevesccccecoes 332,358 
Perm ..cccccccccvcccccccccscccecess 40,746 
Samar...... cccccnceecerces esevcecee 15,351 

392,072 
Meshisheriaks. 

Of Orenburg SOTSOO ROE cee FES EEESEL OEE 71,578 
Penza SOSCeeeSOSRESHSoeecaseecsesoes ? 
Peri corecccseccceeseces Cevecsccees 5,783 
Saratov eeCCavoescaenseseceeeseseeengueoe 2,580 

79,941 
Kirgiz, 

Of Astrakhan......ssesccecssserccees 82,000 
III. SARMATIANS. 
(LITHUANIC BRANCH.) 

Lithuanians. 

Of Vilna ......0. occcccncescccesececs +» 138,320 
Grodno ...ccscescsseves ecccccccese 3,008 
Kovn0  ..cee. eeeees ev eeseccceccecs 568,794 
Kurland.....scsces Sescseseseseese 7,434 

716,886 
Lets. 

Of Vitebsk COC COMA EEOeOSEDEL ESSE ERODE 142,497 
Kovno  ..00. eoccese csccccvecscecce 6,342 
Kurland — .ccccccccscccccee ev ovece 401,939 
Livonia .....c006 Coceeccevescecees 318,872 
PSKOV cccccvcscecececsece eccceces 458 
St. Petersburg . aesoes ceccscceseee 2,000 


873,107 
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SARMATIANS. 
(ravomre BRANCH.) 
B gariar ee. 

Of Bessarabia.......cccscccssecsscces 64,736 
Tauris 669000 86808004608 2092800460888 1,234 
Kherson ccccccccosccsccccsssecee 11,132 

Servians. 77,102 

Of Bessarabia  ...ccscosceccceccccss 89 
Ekaterinoslav ...cccssccccscsces 858 
Kherson  ...ccccsccccvesecs eeeeee 436 

Poles. 1,383 

Of Astrakhan........cccscsecessccene =f 
Bessarabia  ...scccssscccccseeee : 733 
Volhynia .....0.0. eoecsvecncccees 150,000 
Grodno .. Se COROTSoeeonencoeseencces 82,6389 
Ekaterinoslay ecccccccces eseseee 8,000 
Kiev cccccosccvcscccccscescsccceese 100,000 
KOVNO  ccccccccccccccccesces eeveee ? 
Kurland SOs esessSeseasesesesseoun 12,888 
Livonia ...cccccccscecccsesnecccces 3,213 
Minsk Cpeeseeeseeseeseagaeseseevece ? 
Mohilev....ssscecccosecvscees en 
Orenburg teccssccsccccncccsccnscs =f 
Podolia ...... cveseccctsccceesseeee LOO,000 
St. Petersburg cccccovesesscecsee 19,149 
Saratov ccccccocscecsssoveccccssces ff 
Stauropol . eccesence tessccvccceenns =f 
Kherson ......ceeces senevces cece 850 
Esthonia cccccccsccecccscccccece 13 

477,535 


IV. RUMANYOS, 
(WALLACHIANS AND MOLDAVIANS.) 
ofr Bessarablaccoccccscccceccescvccecs 406,182 
Ekaterinoslav ........ses00s cove 
Podolia OSCR eceFOeeeesseeoes eeeene Lad } 
Kheraon ..sscccccsees aoeeccccens . 75,000 


VY. MONGOLS. 498,469 


KALMUES. 

Of Astrakhan........ ececcccccccees ». 87,656 
Don Kosaks .......... eccccces we» 20,591 
Orenburg .. rn 
Samar ? 
Saratov ...ccccceee ecceeee ccateesee 692 
Stauropol .......... eos 10,223 


119,162 


20 
Oetaenee Seeontoe 3,353 
@OReveses 32,633 


VI. GREEKS. 
Of Astrakhan..+++.+... ovcccccceecees 
Bessarabia... 
Ekaterinoslav 


Tshernigov ...ccccsssceess sooove «1,791 


46,773 
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VIL. ARMENIANS. 


Of Astrakhan PC CEOH TOSSED HLESEL OL OL ES 5,272 
BeBSATADIB-sveecveseesssssssoonse 2,333 
Ekaterinoslav ...cccccccososssee 14,931 - 
St. Petersburg ......cccscccceres 170 
Stauropol .........0006 casecceens - 9,000 
TAUriS ccccccscosceccccsccccccece - 8,960 
Kherson COeetevesesessecaases 1,990 

VIII. GERMANS,  37;576 


Germans Proper (Deutsche). 
Spread over the whole empire, and 


to be found in different propor- 

tions in every one of the Govern- 

ments. Total number......... 376,000 
Swedes, 

Of Kurland .....cccccssccovsseces 7 
Livonia .....ccoccccesecccccaces ee 425 
St. Petersburg en evecesceoenes ee §=©6, 156 
Kherson ........ seeees tecccecercs 168 
Esthonia SOO vcrrovaessevecgesccs 4,714 

13,470 
IX. DIOSCURIANS. 
Georgians. 

Of Astrakhan....... eeccccscoees eeese 290 

Stauropol Cosevescerenacenccveses 710 

Irén (Ost) 1,000 

Of Stauropol .........sscscevesses 1,650 
Circassians, 

Of Don Kosaks ..,.occccccssssesesse 130 
Samar eecoe0e CCCCOSRC CER aEEE geveese ? 
Simbirsk ...cccccccocscccccccseee 452 

X. PERSIANS, 175? 

Kuzzilbash. 
' Of Astrakhatices..ccsescooces encce eee 460 
amar COKCOHHESSCOCE COO SSERCAOBODECE 186 
Sarts ( Bokharians). 646 

Of Astrakhan.....cccccccccsccsosecs ? 

Orenburg ccccseccasssees scccccces ? 
XI. INDIANS. 
Of Astrakhan...... ccecteescccesees ee 10 
XII. ALBANIANS. 
(ARNAUT, SEIPITAR.) 
Of Bessarabia......sccceccssccscccece 1,328 
XI. FRENCH. 
Of Bessarabia.......... oe vecccseeces . 250 
XIV. JEWS. 
Talmudic. 

Of Bessarabia  ......ccececsccsevece 42,380 
Vilna .cc.cccccccccsseccsccsesccvces 69,397 
Vitebsk ...cccssocceccces caceeeeese 47,649 
Volhynia o.ssecscceecseseeeseees 196,030 
Viatka CoeFC ORE ereeaeeseEaeRersgne 58 
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Of Grodno Coad onsegoveredecnccacsgons 99,592 Karatt. 

Ekaterinoslav Sovereecececcecres 6, 139 Of Viltna..ccascsercccccsesccsocccevescs 424 
Kiev PTTTTTTTTTTITITTT TTT TT TTT 103,326 Volbynia eons sees seescneccoseses 320 
Kovno Ce eHRORHCOELOREEHESESOEL EOS 82,664 Kovno CPoeoeverenssoveaesecaggeore 337 
Kurland ecocsecoces eoerescece eecces 23,486 Tauris Maececensrecesconsscgcecese 4,198 
Livomia .rccccccccccceccecccsecs §32 Kereon  cacvccccacecceccccvceses 446 
Minsk Seoeonssereesesacencccsecce 88,880 — 
Mohiilev,.....sssccsssseves eeece eve 83,715 5,725 
Podolia ...... eeccctceace Seseceees 150,485 
Poltava ...cccocccccesccsscccssecce 16,140 | XV. TSIGANI. 

Tauris PeeHoncocgnscgeuesegsancses 4,110 (arperes.) 


Kherson ...s.scoosesesesssersese 22,424 | Spread over the whole empire, and 

Tehernigov ...cosssscsssceseeee 18,400] to be found in different propor- 
————| tions in every one of the Govern- 

1,054,407| ments. - Total number ......... 48,947 


Statistics of Poor Relief and Movement of Population in the “ Commercial 
District” in the Hundred of Wirral, Cheshire. By Mr. McNerney. 
Communicated by Sir J. P. Bortrau, Bart. F.R.S. 


The population of that portion of the Hundred of Wirral called the Commercial 
District, and to which the statistics refer, is 839,143 (1851); the nationalities, or the 
proportion of persons belonging to the respective countries, are is as follows :— 

English ......... sasesencs 31,624 
Trish ...ccccscencccceesee 6,078 
Scotch...cccccccccscccsecee 1,461 
The number of persons who became chargeable (é.e. received relief) during the 
years 1853-54 :— 
English 1090, or 1 in 29 in proportion to English population. 
Irish 1441, or 1 in 4} in proportion to Irish population. 
Scotch 38, or 1 in 38 in proportion to Scotch population. 


Of the 1090 persons English who became chargeable, 281 had acquired a settle- 
ment; 213 had resided in the district 5 years without receiving relief; and 596 had 
not acquired a settlement, or resided 5 years without relief. 

Of the 1441 persons Irish who became chargeable, 89 had acquired a settlement; 
248 had resided 5 years without receiving relief; and 1154 had not gained a settle- 
ment, or resided 5 years without relief. 

Of the 38 persons Scotch who became chargeable, 12 had acquired a settlement ; 
13 had resided 5 years without receiving relief; and 13 had not gained a settlement, 
or resided 5 years without relief. 

The population of the district (Commercial) was, in 1841, 17,038; 1851, 39,143; 
and the estimated population for 1854, 45,774. 

Area of the district in acres, 4862. 


On the Treatment of abandoned Workings of the Austrakan Gold Fields. 
By H. E. Micuzt, B.A. 


On Decimal Coinage. 
By Witt1aM MIuueEr, Cashter of the Bank of England. 

There was lately in the Money Article of the ‘“‘ Times” newspaper a criticism 
upon Mr. Laurie’s pamphlet, in which the writer falls into the error common 
to all the advocates for keeping our accounts in pence instead of pounds, of 
supposing that the franc and tenpence are equal to each other. They begin by call- 
ing their tenpence a franc, and then reason as if it really were such. 

A franc is about 94),575d., or a remote fraction more than 9id. Let that be 
clearly understood. In matters relating to money, the phrase “ near enough for all 
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‘practical purposes” will not do; the moneys of account mast be identical for any 
statistical advantage to result. Two coins, as measures of value, to be equal to the 
same, must be equal to one another. A thousand tenpences are £41 138. 4d. A 
thousand francs are £39 12s. 114d. (or thereabouts), being a difference of about £2 
in a value of £40. A thousand tenpences and a thousand francs are, therefore, not 
equal to the same, and therefore not equal to one another. 

The writer referred to states, that ‘‘ by preserving the penny from disturbance, the 
uses of all other coins would be retained.” That is true; but what becomes of the 
decimal system ? 

Must I keep my accounts in pence, and decimals of a penny? or must I go down 
to pence decimally, and then begin to divide into farthings 

ust I keep my accounts in pence, and pay them in pounds? 

Mast I receive pounds, and record them in pence ? 

If they would retain the present coinage, all those questions must be answered in 
the affirmative. 

Why do we want a decimal coinage? Because we want decimal accounts; and 
we wish to keep our coinage and our money of account identical as they are at pre- 
sent; and not to have a sum in “reduction” to do every time we pay and receive 


money. ; 

If we are to have a totally new coinage, let it be stated broadly. Let us import 
the French franc at once, and then we shall not have a single coin the same. It is 
true, there might be some small confusion amongst ourselves, some slight difficulty 
in connecting the statistics of the past with the future; but we should be in harmony 
with France, and perhaps it is thought that that would fully compensate. 


On the Decimalization of the Tariff. By W1LL1aAM MILuER. 
Communicated by Rosert R. R. Moors. 


Magnitude and Fluctuation of the Circulation of Bills of Exchange, 1816 to 
1853. Statement of some of the results of a further extensive collection of 
Data. By Witttam Newmancy, F.S.S. 


Facts and Statements connected with the Question, Whether, tn consequence 
the Discoveries within the last Siz Years, the Exchangeable Value of 
in this Country has fallen below its former Level. By W. NEwMARCH. 


After showing the immense increase in the metallic currency which the recent 
discoveries had caused, he gave it as his decided opinion that those discoveries had 
not had the effect of causing the exchangeable value of gold to fall below its former 
level, except indirectly ; and that in this respect the commerce and general trade 
of the country had derived great benefits, and the social condition of the community 
had been materially improved. 


On the different Plans which have been proposed of Decimal Accounts and 
Coinage. By THEeopore W. RATHBONE. 


The great advantages of ¢his system, of invariable progression by the number fen 
in all accounts, are so generally admitted and so easily established, that with little 
preface the inquiry may be entered upon as to the simplest, soundest, and best mode 
of proceeding of all the many that have been suggested and recommended upon 
high authority. 

These are found to be twelve in number, besides several, brought forward in the 
disguise of new forms and names, whilst, in reality, identically the same as had been 
alr roposed. . 

rate Thowe introducing the widest range of figures in accounts, and being of necessity 
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only decimal in their steps from the highest to the lowest of their four moneys of 
account, but in reality millesimal, and therefore necessarily requiring four columns 
of figures and moneys of account, in ali accounts of even one pound in amount. 

The scheme of this description proposed in the Report of the Committee of the 
House of Commons, dividing the pound sterling into mils, with intermediate decimal 
terms called cents and forins,—the scheme of Mr. Headlam and Mr. Davidson, dividing 
& new pound of 20s. 10d. into 1000 farthings, with intermediate decimal steps,—the 
scheme of ‘‘A Retired Merchant,”—of a Correspondent of the ‘“‘ Economist”’ and 
“* Glasgow Citizen”’—with various atterapted modifications—are all shown to be alike 
bad and vicious in form, inconvenient, injuricus and unjust, if not wholly imprac- 
ticable in operation, most unnecessarily destructive of our present moneys of account 
and familiar coins,—in short, unsound in priociple, and mischievous in result. 

The suggestions for getting over these fatal objections are found to be alike ineffec- 
tive and unjust, and such as neither have, nor are ever likely to have, the sanction of 
Parliament. Whatever variety of schemes, and under whatever new names and 
altered forms, and whether four, three, or two denominations are adopted, this 
millesimal division, by means of decimal steps of the highest money of account, must 
ever involve the same results. 

2nd. The second class comprise the various schemes which surrender and abandon 
the pound as a money of account, and adopt a lower ruling integer or unit. These 
are the scheme proposed by Mr. W. T. Thomson, of the Standard Insurance Office, 
Edinburgh, to the Institute of Actuaries, adopting ten shillings as the highest money 
of account, and thus, by decimal steps, bringing out Aalves of the proposed moneys 
of the Committee,—a scheme shown to involve more than all the preceding objec- 
tions, with only slight advantages gained in two minor points; the two schemes 
adopting 2s. and 1s. as the highest moneys of account—only in fact the plans of 
the Committee's Report and Mr. ‘Thomson’s, without their highest terms, the pound 
and the ten shillings, or ducat; and the three, now well-known, and most exten- 
sively and beneficially introduced, decimal systems of Europe and America—founded 
on the dollar, equal to about five times 10, or 50d. English, the forin to twice tenpence 
and the franc to just about 10d. present English currency. Notwithstanding that the 
first of these adopted our own penny as its foundation, and the consequent facility 
and simplicity of the transition from our pounds, shillings, and pence into the 
present American decimal currency, an examination of the principles and practical 
results of the French monetary system, with its smaller unit, shows i¢s vast and in- 
structive superiority to every other yet introduced,—but at the same time the utter 
impracticability and inexpediency of our adopting the proposition of Mr. James Yates, 
to introduce, intact and without modification, their beautiful ‘‘ systéme métrique.”’ 

Srd. We are thus brought by a process of exhaustion, arising out of the unwar- 
rantably injurious effects, and indeed impracticability of every other scheme what- 
ever, to modes of proceeding little more than permissive, but affording, almost 
without perceptible change or inconvenience of any description, ALL we seek—a pure 
and perfect decimal system of accounts, entirely suited in results to every object, 
social and commercial, and at the same time leaving our present standard of value, 
as well as coinage, wholly undisturbed and unaltered in position. This system, fully 
explained in the author’s work, entitled ‘An Examination of the Report and Evi. 
dence of the Committee of the House of Commons, with reference to a simpler, 
sounder, and more comprehensive mode of proceeding,”’—absolutely requires nothing 
more than to substitute tenpence as the money of account instead of twelvepence— 
by rendering the former instead of the latter the legal form of account in this 
country. The important results of this were explained, and its further great com- 
mercial advantages (discovered and established by the late Mr. James Laurie), shortly 
given, in an account of his last valuable work, completed on his death-bed. Modi- 
fications of this last scheme were suggested by Dr. John Edward Gray, of the British 
Museum, and by Mr. Minasi. 

Concluding observations were made on the other arrangements which might bene- 
ficially accompany this scheme on its introduction into this country, together with 
anticipations of the grand world-wide results to which it would ultimately lead, 
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The Statistics of Nice Maritime. By Col. Sykes, P.R.S. 


The author gives a rapid analysis of the ancient and modern history of Nice,— 
of its physical and geological featurcs,—of its botany, and zoology in their various 
branches; pointing out such products as are of ceconomical application*. The 
meteorology from four daily observations is elaborately treated in considering its 
relation to local diseases and the public health; in consequence also of its having 
certain tropical features, which ten years’ observations at Genoa give in a more 
marked form. In connexion with the meteorology, the official [Jospital Returns of 
the Sardinian Government show that diseases of the respiratory organs at Nice, 
Genoa, and Turin, in frequency and fatality, equal those of Great Britain,—but 
that inflammatory action of the bowels is also a characteristic of the country. The 
author shows the mortality in the Civil, Military, and Foundling Hospitals. 

The population of Nice is stated to have increased from 27,000 in 1823 to 33,811 
in 1838, which rose to 36,804 in 1848. Old. persons appear to have diminished in 
number, and young persons to have increased. [rom the local returns there would. 
appear to be about one marriage to 123 souls, one birth to 28 souls, and one death 
to 29°3 souls in the town, and one death to 36°9 souls in the rural districts. ‘The 
Sardinian statistical tables for ten years give one death to 24°97 souls, or 4 per cent. 
The annual increase of population by births over deaths may be roughly stated at 
1 per cent. The author then gives an account of the government of the province 
and town through the agency of the intendente (Prefect) and the municipal elective 
council, who have promulgated seventy-four octavo pages of regulations for the 
ordering the police and the interior administration of the town, some of which 
might be adopted with advantage by the towns of states in a higher position than 
Piedmont. The author gives the budget of receipts and disbursements. In the 
latter are found grants in promotion of education and the fine arts, highly creditable 
to the municipality. The military defences, the medical establishments, the state 
of education in Sardinia, the learned professions at Nice, the newspaper press in 
Piedmont, and the ecclesiastical establishments are noticed in succession. With 
respect to the amount of instruction in the Sardinian states, the capacity to read 
varies from 6 per cent. at Nuovo in the Isle of Sardinia to 4 per cent. at Turin, 
and from | female in a hundred at Sassari in Sardinia to 22 in the hundred at 
Annency. The Sardinian states have four times the proportion of bishops to France, 
and seven times the proportion of Belgium; 14 times the proportion of Canons to 
France, and 19 times the proportion to Belgium. 

Paganini’s body is still unburied at Nice in consecrated ground, in consequence 
of not having taken the sacrament in dying. Nice sends two members to Parlia- 
ment, and the representative system of Piedmont has that of Great Britain for its 
type. 

* The author gives a list of prices comparing 1841 with 1854, in which it is shown 
that prices have advanced. It is stated that 777 families of 14 nationalities wintered 
at Nice in the winter of 1852-53, and the paper concludes with an account of the 
money, weights and measures, which are of the French decimal systems, and the 
author argues, if this system could have been accepted by a comparatively igno- 
rant and prejudiced people, there would be little difficulty in ensuring success ina 
similar attempt in England. 


The Progress and Direction of British Exports, and the Influence thereon of 
Free Trade and Gold. By R. Vatry. 


Referring to the several statistical abstracts recently published for the first time 
by the Government, the author sketches the increase of the exports of hume pro- 
duce from this country from 1840 to 1853, showing that their total value was 
£877,299,000; that they rose from £5),406,000 in 1840 to £98,933,000 in 1853, 


® It is stated that in the vegetable kingdum there are 124 families, 2231 species, and 151 
varieties of plants; notices being given of the principal genera and species. 212 species of 
sea-fish, each with its patois name, are met with between Genoa and Nice, and freshwater 
fishes make up the number to nearly 280 species. Many of the molluscs are highly prized 
as food. Reptiles are few. The birds are numerous, amounting to 343 species, these having 
also patois names. The mammals are those common to Central Europe. 
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or nearly 93 per cent. Those to foreign countries rose from s£34,431,000 to 
£57,950,000 in the same period; and those to British possessions abroad from 
£ 16,974,000 to £22,756,000. Further, in 1840, the proportion sent to Euro 

countries was 57 per cent., and in 1853 only 42 per cent. of the whole; while North 
America, which took 20 per cent. of the whole in 1840, took in 1853 no less than 
33 per cent. To the United States alone our exports were, on an average of the 
years 1842-45, only £23,623,000; and in the years 1850-53 no less than 
£69,481,000. The general conclusions suggested by the author may be stated as 
follows :—That the average increase during the period has been larger to foreign 
countries than to British possessions. That our exports bave averaged the propor- 
tions of about two-thirds to foreign countries, and one-third to the British posses- 
sions. That, with foreign countries in different parts of the world, the order of in- 
crease has been to North America, South America and Europe, and of Northern, 
Central and Southern Europe; the rate of increase being highest in the southern 
division. That with the British possessions the order of increase may be arranged 
to Australia, Cape of Good Hope, North American colonies, and the East Indies ; 
and, finally that tu the United States and the other corn-growing countries, except- 
ing only Russia, our exports have increased with our imports of corn. One fact 
noticed by the author seems extremely remarkable, namely, that for twenty years and 
upwards after the war which terminated in 1815, the declared value of our exports 
did not increase, but continued very much the same year after year, and those values 
mere much less than they had been for fourteen years up to the termination of 

e war. 


On a Method of substituting Francs and Centimes for the present English 
Metallic Currency, By James Yatss, AA. F.R.S. 


Assuming the superior excellence of the French monetary system, the author 
endeavoured to remove the objection which has been urged against this, and all 
other decimal methods on account of the supposed time required for effecting the 
change from the present English system,—an objection which has been supposed to 
be fatal to every improvement of the kind. He proposed that the transition should be 
carried out through the instrumentality of a paper currency, consisting of notes 
representing the value of a franc, and of all the higher coins; that persons should 
receive these notes in exchange for all the existing English coins, and that any 
minute difference arising from the impossibility of rendering every purchase of coin 
exact, even to the fraction of a centime, should be settled to the advantage of the 
person who offers the old coins, so that he would be certain to receive his due, or 
more than his due. The author thought, that the promissory notes, thus destined to 
call in the old coinage, might be issued in a month, and that to cash them would 
require a much longer time, but need not exceed twelve months at the utmost. As 
the process advanced, the lowest notes would shortly be superseded by the metallic 
currency. 

Our silver coinage, as he observed, and offered to prove by weighing various 
specimens, is already, in regard to the quantity of silver which it contains, more fit 
to be used in the way which he recommended than in any other, probably a sixth 
part of the shillings now current being of the weight of not more than an equal 
number of francs. He proposed, therefore, that these, having been stamped to 
certify their recall, should be sent into circulation as francs; also, since a still larger 
proportion of the existing silver coins will soon be reduced by wearing to the re @® 
of francs, snd others will not repay the expense of recoining, he inferred that by far 
the greater part of the current silver coinage would be ready for immediate use on 
the proposed system. 

He suggested that the whole of the copper coinage, consisting of tokens much 
below their assigned value, might continue to be used until it is worn out, the 
possible minute deficiency in value, having been made good to the original owners 
through the intervention of the paper currency. The gold, he observed, ought to 
pass at its intrinsic value, which should be determined upon, as well as the value of 
silver, and made known by Act of Parliameaot and other methods. 

The author recommended that no time should be lost in issuing an abundant 
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supply of the two lowest coins in the proposed series, viz. centimes and two-centime 
pieces ; and for centimes he proposed the form of the Chinese cash, for the sake of 
distinction and more general convenience in all small transactions. He showed the 
great advantages of such a speedy issue of centimes in teaching the use of a decimal 
» a8 well as in introducing the coins of higher denominations. 
Mr. Yates concluded in these words :— . 
“If such a plan as that which I bave now endeavoured to delineate shall be 


adopted, nine-tenths of the quantity of pieces, and a far larger proportion of the . 


amount of our present coinage, in both assigned and intrinsic value; will remain in 
circulation, and will be known to & great extent by the same denominations. Hence 
it appears probable, that the prices both of labour and of commodities will undergo 
far less derangement than might have been expected; for, although the same 
denominations will be applied to some silver coins of a little lower value, yet the 
depreciation occurring, at least in the most common cases, in equal proportion in 
regard to all objects and all transactions, it appears not unlikely that the disturbance 
attendant on the change may be almost imperceptible.” 


Mr. J. Yates’s communication is published at full length in the Assurance Magazine 
and Journal of the Institute of Actuaries, No. XVIII. p. 146-151. 


MECHANICS. 


On Telegraphic Communication between England and America. 
By Freperick BAKEWELL. 


Mr. BakEWELL proposed to effect such a communication by employing a single 
galvanized iron wire sufficiently strong to be self-protective, and to be insulated 
with gutta percha or other non-conducting substances, covered with tarred hempen 
yarn. Such a wire, it was stated, might from its comparative lightness and flexibility 
be readily stretched across the Atlantic, and at a cost of £100,000. A single wire 
would, in the first instance at least, be sufficient to supply the want of telegraphic 
communication, if the telegraph were kept in constant work. He alluded to the 
difficulty that had recently been discovered in transmitting telegraphic signals 
through an insulated wire immersed in water, and to the means that had almost as 
quickly been devised fur overcoming the unforeseen obstacle. He expressed a con- 
fident expectation that should other difficulties arise in prosecuting such an enter- 
priae, they would also be as readily vanquished. 


On the Economical Working of Steam Boilers. By JouHn CHANTER. 


The author explained the construction of his furnace with moveable reciprocating 
fire-bars for the prevention of “ clinkers.’’ Asa proof of the advantage of the use 
of these fire-bars, it was stated that some of these furnaces which had been in 
constant work for two years remain in good condition, whilst ordinary furnace-bars 
last only six months. The depth of coal on the bars need not, it was said, be 
above half the usual depth in other furnaces; and there is consequently a saving 
of fuel. Tables in proof of this, and of other advantages, were appended. 


On the large Fly-wheel lately erected at the Mersey Iron-Works, Liverpool. 
By Wit.iam Cray, Liverpool. 


The object of this wheel is to regulate the speed of a large boiler-plate train of 
rolis without using any toothed wheel, as is generally done, which so often causes 
loss and annoyance by breaking. 

In rolling boiler-plates, there is a certain limit to the speed at which the rolls should 
travel ; in other words, the number of revolutions made by the rolls are very few as 
eompared with the rolling of other descriptions of iron; and it was therefore neces- 
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gary in a mill where direct action was required, that a fly-wheel should be constracted 
of sufficient size and weight to have, with a small number of revolutions, sufficient 
momentum to overcome the ordinary shocks of rolling Jarge plates of iron. This 
could only be done by increasing the diameter of the wheel to such an extent that 
the rim should have the requisite momentum or velocity of so many feet per minate. 
With this view a wheel has been made of 35 feet diameter, and weighing about 60 
tons, 24 tons of which is disposed in the rim, which is intended to run with a velo- 
city of about 4500 feet per minute, at about thirty-eight revolutions. 


Mr. Cray produced and explained the model of a machine used for rolling taper 
iron, by which an iron bar may be rolled of any length and tapered to any required 
degree. The principle of the action of the machine consists in allowing one of the 
rollers to rise in its bearings by hydraulic pressure. A valve, regulated by a fine 
screw, permits the water to escape, and thus, as the operation proceeds, the rollers 
become more and more separated, and the iron bar less flattened. By regulating 
the valve, so as to allow of greater or less escape of the water, the degree of tapering 
can be very accurately adjusted. 


Mr. Cutxey explained the plans adopted for the transmission of time-signals 
through the electric telegraph wires in connexion with the Observatory at Greenwich. 


On Ventilation of Ships. By J. CunnincuamM, C.E., F.G.S. 


It is an acknowledged fact by all men practically conversant with the general 
condition of emigrant ships, as regards ventilation, that the means presently adopted 
to effect that important condition are very defective, if not altogether inadequate. 
In hot weather, in calms and stormy weather, on board emigrant ships, where so 
many human beings are usually crowded together, and in spaces proportionally less 
than are allowed for the commonest lodging-houses, the want of such means to 
effect a thorough ventilation is painfully and often fetally experienced by the poor 
emigrants. Many instances of those fatal effects might be given from the want of 
such means. 

The means now employed for ventilating, not only emigrant ships, but even the 
best-appointed men-of-war or government ships, appear quite inadequate to effect 
that great desideratum, and it may be safely asserted, that without motive power a 
thorough system of ventilation cannot be carried out on board ships of any class. 

By the application of this power a constant and most effective method of ventila- 
tion can at all times be carried on. In combination with it also is a simple process 
of disinfecting a ship, should an infectious distemper break out, in a most effective 
and rapid manner, The plan of the engine shown is calculated at three-horse power, 
and svfficient to ventilate thoroughly a ship of 1500 tons burthen, containing six 
hundred persons, and to afford to each person three cubic feet of pure air every 
minute. This supply is effected by two fans, as shown, performing 450 revolutions 
in a minute, thereby forcing the air down the main air-shaft to the side trunk flues, 
which extend along each side of the vessel. Small branch flues to the cabins and 
other parts of the ship requiring ventilation are jo'ned into the main trunk flues. 
Each is provided with sliding or revolving ventilators to regulate the requisite amount 
of supply. The vessel at the top of the section is for disinfecting or for cooling the 
atmosphere. ‘The tank at bottom is charged with water containing the disinfecting 
fluid, and the truncated cone, which we term a sprayor, is inverted with its smaller 
end into the fluid; its upper end spreads out as shown, and is perforated. This 
vessel rotates rapidly, and the fluid by the centrifugal force is drawn up and thrown 
out in spray, through which the air must pass into the fanners, thus becoming im- 
pregnated in its passage with the disinfecting material, such as the chloride of zinc 
or of lime. In like manner the air could be readily and rapidly cooled to a low de- 
gree of temperature by placing in the tank a moderate quantity of ice. This may be 
applied in the tropics or when required. 

The cost of providing a steam-engine, boiler and apparatus complete, including 
flues, &c., for a ship of 1500 tons burthen, similer to the plans now exhibited, we 
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estimate at between £450 to £500. The quantity of fuel required to keep the 
engine at work night and day for a hundred days would be about 20 tons. 

In addition to the process of ventilation, we propose also to adapt the engine to 
several other purposes, such as the loading and discharging of the vessel, lifting the 
anchors, pumping the ship and supplying water to the water-closets, and for clean- 
ing the decks. Further, it is proposed to apply the waste steam to the purposes of 
cooking. 


On the Gconomical Working of Steam Boilers and Furnaces, by the saving 
of Fuel, with a more speedy command of Steam. By W. Day, London. 


The first patent of this description of furnace had all moving bars, put in motion 
by several cranks, levers, &c., and though found to be a great improvement upon 
stationary bars, were liable to derangement in the hands of careless stokers, The 
further improvements consist in the simple use of toothed or serrated bars, with 
rockers, supported by brackets in tubular, and by boxes under round, waggon, or 
other shaped boilers, pans, &c. On the rockers, moving serrated bars are placed, so 
as to work alternately between fixed serrated bars. By use of a hand-lever, the 
stoker easily effects a movement of the reciprocating bars, and at once cleans the 
entire surface of the fire-grate from dust and small cinders, thereby preventing the 
formation of clinkers to a great extent, and the burning away of the bars, while fresh 
air passes more freely between the bars, causing a more perfect and brisk combus- 
tion of the fuel, and consequently rendering it possible to have a better fire with a 
less depth of fuel, and to generate steam more quickly. 


On the Prevention of Boiler Explosions. By H. Dincks. 


The plan Mr. Dircks proposed is to have a pipe leading from a cistern of cold 
water pass through the boiler, whilst the stopcock that opens the passage is to be 
kept closed by a chain within the boiler, and in which chain one link is made of 
fusible metal. 


On a New Washing Machine. By J. EvpRtpGe. 


On the Consumption of Fuel and the Prevention of Smoke. 
By W. Farrsairn, CE. F.R.S. 


Mr. Fairbairn explained the principles on which the perfect combustion of fuel de- 
pends, and expressed his opinion that by proper attention and by the adoption of the 
means already known and practised, the issuing of smoke from steam-boiler furnaces 
might be effectually prevented. The great secret is to have sufficient capacity in the 
boiler ; and if the boilers had double their usual capacity, the perfect combustion of the 
fael, and, consequently, the prevention of smoke, might be readily accomplished. He 
referred to the steam-engine furnaces of the Cornish mines to prove that when there 
is a sufficient inducement to the proprietors by the saving of expense, and of incite- 
ment to the engineers by competition, the emission of smoke Is prevented without 
any special arrangement to produce that effect. Mr. Fairbairn then described a 
furnace which he conceived offered great facilities for the more perfect combustion of 
fuel. It cansists of two furnaces united into one, the gases issuing from the coals 
being mixed together in a single chamber and then passed in a heated state over the 
bridge of the furnace, where they are ignited. By this means, and by keeping the 
fire-bars clean for the admission of air, the combustion was rendered very complete, 


On the Solidification of Bodics under great Pressure. 
By W. Farrsairn, CE, PRS. 

This paper contained the results of a portion of the experiments conducted by 
himself, Mr. Hopkins and Mr. Joule, at the request of the Association, and by 
means of funds supplied for that purpose by the Royal Society. At the last meeting 
at Hall, Mr. Hopkins alluded to these experiments, and then explained the nature 
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of the apparatus invented by Mr. Fairbairn for submitting the substances to be 
operated on to the enormous pressure of 90,000 lbs. on the square inch. Ia these 
inquiries the objects kept in view were, to ascertain the exact laws which govern the 
cohesive strength of bodies in their present physical condition, and how far a know- 
ledge of those laws may conduce to the reduction of the metals and their subsequent 
solidification under circumstances whereby increased strength and density may be 
obtained. The experiments commenced with spermaceti, bars of which were cast 
and left to solidify at the same temperature, but under different pressures. When 
pressure was applied to these bars, the one that sustained a pressure of 40,793 lbs. 
carried 7°52 lbs. per square inch more weight than one submitted to a pressure of 
6421 lbs., the ratio being in favour of the more strongly compressed bar, in its power 
of resistance to a tensile strain, as 1 to ‘876. It appeared from these experiments, 
that bodies when solidified under pressure have not only their densities greatly 
increased, but their molecular structure is also materially affected, so as to increase 
their adhesive power. Still further to elucidate the subject, cubes of exactly one 
inch were carefully pre and loaded with weights till they were crushed. The 
first cube, solidified under a pressure of 6421 lbs., was crushed with 213 Ibs. Tin was 
then operated on, a quantity of pure tin being melted and then allowed to solidify ; 
firat at the pressure of the atmosphere, and afterwards at a pressure of 908 Ibs. on 
the square inch. The same quantity taken from the same ingot was subsequently 
submitted to a pressure of 5698 lbs. on the same inch. The bars, after being solidi- 
fied and allowed to cool for upwards of fourteen hours, were subjected to the usual 
tests of tensile strains. From these experiments there was derived, as nearly as 
possible, the same law or measure of strength in regard to the effects of pressure as 
obtained from the experiments on spermaceti ; for with the same pressures of 908 lbs. 
and 5698 lbs. upon the square inch, the breaking weights were 4053 lbs. and 5737 Ibs. 
or in the ratio of 1 to ‘706, being an increase of nearly one-third on the crystallized 
metal when solidified under about six times the pressure. From these facts Mr. 
Fairbairn observed, it is evident that the power of bodies to resist strain is greatly 
increased when solidified under pressure ; and he said he considered it highly pro- 
bable that the time is not far distant when the resisting powers of metals, as well 
as their densities, may be increased to such an extent as to ensure not only greater 
security, but greater ceconomy by solidification under pressure. He said. he was 
borne out in these views by the fact, that the specific gravities of the bodies experi- 
mented on were increased in a given ratio to the pressure. Spermaceti solidified 
under a pressure of 908 lbs. on the square inch had a specific gravity of 0°91859; 
whilst that solidified under a pressure of 5698 lbs. had its specific gravity increased 
to 0°95495. The specific gravity of tin, solidified under a pressure of 908 lbs., was 
7°3063; and that solidified under a pressute of 5698 lbs. was 7'3154, which gave 
‘0091 as the increased density from pressure. There are further experiments in 
progress to determine the law that governs this increase of specific gravity, and to 
determine the conducting powers of bodies solidified under severe pressure. Expe- 
riments have also been made on such substances as clay, charcoal, and different 
kinds of timber. From the experiments on powdered dry clay, it appeared that a 
bar of that substance 34 inches long and 1} inch diameter, after being hammered into 
the cylinder, so as to become slightly consolidated, was reduced in bulk with a 
pressure of 9940 lbs. on the square inch to 2°958; with a pressure of 54,580 lbs. 
to 2:3; with 76,084 lbs. to 2°288; and with a pressure of 97,588 lbs. to 2°195 inches. 


Mr. Grason exhibited the model of a machine intended to prevent accidents in 
mines. This contrivance consists in having a spiral inclined plane passing round 
the outside of the perpendicular shaft of a mine, by which plane the miners might 
ascend and descend without the necessity of being lowered in baskets down the shaft. 


On Cunningham's Plan for Reefing Topsails. By J.GraxntHam, CB. 

This plan consists of an arrangement by which the yard-arm is made to turn 
round as it is lowered by a pulley fixed to the mast, and the slit in the centre of the 
sail through which the rope passes, to effect that movement of the yard. arm, is 
closed by a sail-cloth valve that preserves the action of the sail intact. 
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On Fisher's Venetian Screw Propeller. By J. Granruam, C.E. 


The object of this propeller is to prevent the retardation which occurs in an 
ordinary ecrew propeller, by the tendency to produce a vacuum at the back of the 
blades of the propeller. To effect this, Mr. Fisher makes slits in the blades to allow 
the water to pass through, and thus to supply the place of the fluid which is drawn 
backward as the screw turns round. These slits give the propeller somewhat the 
appearance of a Venetian blind, and hence its name. Mr. Grantham said the pro- 
peller had been tried in the Birkenhead Docks with good effect. 


Mr. Joun Grantna™ described his plan for a high-level railway for the Liverpool 
Docks. A model on an extensive scale of the proposed railway was placed in the 
Great Hall, and was one of the objects of attraction during the meeting of the Asso- 
ciation. The railway is proposed to be placed on the east side of the whole line of 
docks. It is to consist of iron framework, supporting two platforms,—the lower, 
with four lines of rails, to be about 52 feet wide and 20 feet above the present 
quays, entirely for goods ; and an upper platform, with two lines of rails, exclusively 
for passengers. As the present length of the Liverpool Docks is four miles, and 
will in a short time be extended to five miles, the necessity of some improved means 
of conveyance along the docks is becoming more and more urgent, and the facilities 
which such a railway would present for the shipment of goods without the risk of 
injury to which they are now exposed was strongly enforced by Mr. Grantham. It 
is intended that the railway should be ultimately placed in connexion with the other 
railways into Liverpool, so that goods may be conveyed direct to the docks without 
being reloaded. e cost of such a railway is estimated at £250,000 a mile, and 
the revenue from passenger traffic alone, it is calculated, would be amply remune- 
rative, whilat the quay space gained by the platforms of the railway would be 
nearly equal in value to the whole outlay. 


A mechanically adjusted compass, supported by vulcanized india-rubber springs, 
was exhibited by Mr. Gray; the object of which was to prevent the action of the 
needle being influenced by the motion of the ship. 


On the Strength of Tron after repeated Meltings. By Witt1aAM Hawkes. 
[dn a letter to the Assistant General Secretary. ] 


° East Foundry, Birmingham 
Dear Sir, Sept. 23, 1854. | 

I enclose you an account of some experiments that I have had made upon the 
strength of iron as derived from repeated meltings. I did not commence upon 
these experiments till after the Hull Report of the 23rd Meeting was in my hands, 
which has not left me time enough to complete the experiments upon the Hot-blast 
Mine No. 1, Corbyns Hall iron. 

The iron was melted in an ordinary pot furnace, the pot holding about 70 Ibs. 
weight. I have given only the strength of the stronger of the two bars which I had 
cast, and therefore in making the comparison with Mr. Fairbairn’s experiments I 
have taken only the strongest of the three bars. I have in each case tested the 
strength of the iron in the Pig by having it fited down to 1 inch square, which was 
not done with the Eglinton iron. 

The Corbyns Hall, near Dudley, No. 1 (pie), was more of the No..2 quality, but 
good melting iron. It was not until the thirteenth melting that the outside of the 
fracture became white, the interior being light grey, and in the fourteenth melting 
this light part had increased, leaving a grey core of about three-quarters of an inch 
in diameter in the middle. Indeed it assumed very much the appearance of the bar 
of the fifteenth melting of the Eglinton iron, exhibited at Hull last year. The Cor- 
byns Hall iron was quite fluid at the twenty-ninth melting. 


> a2. 


152 REPORT—1854. 


3 ft. Bar, .1 in. sq. 
Blaenavon Iron. 
Strong bright forge. 
Pig before melting, 845. 


Melting 1 | White with | 794 
»  2| brown core { 794 


3 ft. Bar, 1 in. sq. 

Corbyns Hall, near Dudley. |Mr. Fairbairn’s Experiments on 
Hot-blast Mine No. 1. No. 3 Hot-biast Eglinton, 

Pig before melting, 693. the bars being 4 ft. 6 in. 
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Blaenavon strong bright forge fracture of pig of the ordinary light grey crystalline 
structure of hard forge pigs.—At the first melting it became white, with a brownish 
greyish core in the middle, of about 4 in. diameter. The fractures of all the other 
meltings were white, but for the three or four last meltings the iron became softer, 
and would file; it had also lost its silvery whiteness and became of a more dead 
colour. 

I see by a memorandum I have found, that I tested this iron in 1821, when the 
strength was 1090 lbs. for a 3-ft. bar. 

It is only in the third melting that the origina] strength of this pig tron, 845 Ibs., 
is obtained, viz. 866 lbs., while in the No. 1 Hot-blast Mine pig, the strength of 
which was only 693 Ibs., it increases to 749 lbs. in the first melting. You will note, 
that I arrive at the eame maximum strength in the twelfth melting of the No. 1 iron 
that Mr. Fairbairn did; the Corbyns Hall rising from 749 Ibs. to 1166 lbs., and the 
Eglinton from 714 lbs. to 1060 Ibs. in the twelfth meltings. The maximum strength 
of the Blaenavon is at the nineteenth melting. 

At the twenty-third melting the pot broke, and much of the iron ran into the 
ash-pit, but that which remained in the pot ran out quite fluid, but set immediately. 
About 22 lbs. weight of coke was used to each melting, taking about one hour. 
The weight put on the bars at each time was 2} Ibs. I have added the weight of the 


bars and grds the weight of the pigs, in all the weights given, which was the total 
breaking weight. 


W. Hawkes. 


On Ocean Steamers and Clipper Ships. 
By AnpDRew HENDERSON, WICE. 

, size, and proportions.—Considering actual experience at sea the only guide 
in the application of science to the improvement of our shipping, the author for 
some years laboured to obtain a record (in the archives of the Institute of Civil En- 
gineers) of the size, proportions, and form of steam-vessels, as well as the speed 
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actually realized on the several seas traversed by our steamers. An abstract of the 
result was exhibited in a tabular form, showing the comparative tonnage, bulk, 
dimensions, displacement and resistance, and other particulars, of vessels built or 
designed for the various services and seas to which navigation is extending. 

By reference to these results, and the diagram of the midship section, an approxi- 
mate estimate may be made of their relative form, resistance, bulk, or capability for 
navigating the ocean. In the upper lines of the table were found the tonnage, 
dimensions and proportions of most of the earliest ocean steamers constructed by 
eminent builders, with the actual speed realized by them on mail service, some ex- 
tending over six years, and all over many thousand miles. This information, from 
official returns between 1845 and 1851, shows that on an aggregate of 1,271,000 
miles the realized speed only averaged 7°945 knots per hour in the Mediterranean 
and Indian Seas. The general average of the earliest steamers on the West Indian 
line was even below this, while the earlier vessels placed on Mr. Cunard’s line realized 
9 knots. 

As to the relative speed of different vessels, it was seen in the last column that the 
length of the five steamers that realized 8°50 knots per hour averaged less than six 
times their breadth, whilst those that realized less than 7°50 knots averaged upwards 
of seven times their breadth. The form being as important to speed as the propor- 
tion, the midship sections of several of these were given in the diagrams. Three on 
the right-hand side,—the ‘ Great Western,’ ‘ Precursor,’ and ‘ India,’—may be con- 
sidered the type of the original large ocean steamers built on the Avon and Clyde; 
the ‘ Thames,’ ‘ Oriental,’ and ‘ Hindostan’ representing those built on the Thames 
and Mersey. In the absence of actual sections, the form of the latter, and other 
vessels, may be approximated to by reference to the columns of the table, by which 
it will be seen that these timber steamers have all extremely flat floors and straight 
sides, and are of considerable depth. The diagrams as well as the tables show the 
ratio of breadth to depth and length, and the ratio of displacement to area of section, 
loaded to one-third and two-thirds the height of deck, affording a fair criterion of 
the burthen and resistance of different vessels. 

The sections of the ‘Great Western,’ built by Mr. Patterson in 1838, the ‘ Pre- 
cursor,’ by Mr. Napier in 1841, and the ‘Comprehensive,’ designed by the author in 
1839, show a great similarity in form and rise of floor, their proportion of length 
being 5°86, 6°08, and 5°71 breadths respectively ; the relative tonnage of these 
three steamers being 1242, 1476, and 2015 tons by the old law, as deduced from 
their length and breadth, without reference to the depth, thereby affording no 
criterion of their relative bulk or displacement. 

The ‘Oronoco’ represents a class of very large paddle steamers, built of oak tim. 
ber and long planking, with great steam power, for the West India mail service, of 
ten knots. e ‘Solent,’ for the same service, is built of three thicknesses of plank, 
with a view to lightness and speed. It is well known that some of these very long 
vessels have proved deficient in strength, and that their consumption of coal is 
enormous. 

The ‘Asia’ and ‘Arabia’ represent the improved North American mail steamers of 
Cunard’s line; they are built of timber, and their average speed in fifty-four voyages 
in 1852 averaged rather more than 10} knots an hour. The ratio of length to breadth 
of the ‘Arabia’ and other timber vessels is about 7°00 breadths, but they have con- 
siderably more rise of floor and finer lines than the earlier vessels, their size being 
about 2400 tons, old or builder’s measurement. 

The American steamer ‘ Arctic’ represents the class of vessels known as Collins’s 
line, between New York and Liverpool; they are said to have averaged eleven knots, 
and are all built of timber of very heavy scantling. Their tonnage is greater than 
that of the Cunard line, having greater breadth, their ratio of length being 6°27 as 
compared with 7°00 of the Cunard line. The ‘Susquehanna,’ ‘Golden Age,’ and 
‘ Georgia,’ three other large American steamers, have a proportion of 5°71, 6°53 by 
5°20 breadths; the latter, the broadest, being spoken of as an excellent sea-boat. 

Of screw-eteamers, the peculiar form of the ‘ Great Britain’ shows a very flat floor 
for half the breadth, with a rise from floor to main breadth, and rounded home side 
with a light draught of water; the tonnage is about 3400 tons, and her ratio of 
length to breadth is 5°78. The largest and longest vessel yet constructed is the 
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‘Himalaya,’ built on the Thames by Mr. Mare, for the Peninsular and Oriental 
Company, measuring 3528 tons, and having a ratio of length to breadth of 7°41; 
her length is 341 feet, and her breadth 46 feet. Although of great length, the water 
lines at bow and stern are so sharp and fine, that the buoyancy or resistance to the 
sea is thrown nearer the centre than in shorter or faller ships. 

It will be seen by the midship section that her rize of floor is very great, with a 
straight side of moderate depth; and she has realized the highest speed between 
Engiand and the Mediterranean. The ‘ Bengal,’ ‘ Argo,’ and ‘ Victoria,’ are three 
large screw steamers, of recent construction; they measure respectively 2180, 1840, 
and 1834 tons; their ratio of length to breadth is 7°61, 6°20, and 6°85, and were 
built by Messrs. Tod and M‘Gregor, Messrs. Mare, and Messrs. Scott Russell and 
Co. respectively. 

A return of the services and voyages of vessels will give the only true account of 
speed realized; but if accompanied by the dimensions, proportions, displacements, 
&c., in the tabular form, and diagram of midship section, mach valuable information 
will be diffused, bearing on the more important questions of relative strength and 
seaworthiness. 

The term “clipper ship”? is applicable to all vessels in which speed is made the 
primary object. Acting on this principle, in 1831 Mr. Henderson built the clipper 
‘ Waterwitch’ (a model was placed on the table) so sharp and shallow, as to stow a 
cargo of only one-balf the 380 tons registered ; while carrying the sails of a 500 ton 
ship, having a numerous crew to man her efficiently, experience proved her very long 
masts and square yards were within the limits of safety. The ship being still em- 
ployed in the China trade, though twice twelve years old, is evidence of her being 
safely built; rigged, and well-proportioned as a sailing clipper, her length being 3°75 
times her breadth. In 1842 he built the ‘ Kelpie,’ of the same tonnage register, but 
increased the length to four breadths, with less rise of floor, as shown in model and 
diagram of midsbip section. 

There being some thirty English clippers between India and China, several Ame- 
- rican clippers were built to compete with them, of much larger tonnage and greater 
length. Their success induced the extension of the clipper principle into the China, 
the California, and the Australian trade, for which the iron shipbuilders of England 
and the timber shipbuilders of America are alike competitors. 

The Americans have very large ships: the ‘Great Republic’ may be cited as an 
instance: her tonnage was 4535 tons, length 325 feet, and her breadth 53 feet ; her 
ratio to length 6°13 breadths. She was unfortunately burnt when ready for sea, so 
that no practical experience has resulted from this enterprise. The sides of the 
‘Great Republic’ are three times as thick as those of the ‘ Bengal,’ an iron steamer 
of great length. It would be useful to record the proportions, form, &c. of the 
‘ Tayleur,’ as showing the extreme length to which sailing ships are now being built. 
In this ship the designed 204 feet was lengthened by the owner to 225 feet, and the 
proportion of 5°77 breadths. 

Very large vessels—their seaworthiness.—The Report of the Directors of the 
Eastern Steam Navigation Company states the dimensions and power of their 
intended ship to be as follows :—length, 680 feet; breadth, 83 feet ; depth, 58 feet, 
with screw and paddles; the engines of a nominal horse-power of 2600 horses. 
Calculated by the old law, the tonnage of this vessel would be 22,942 tons, being 
twice the length of the ‘ Himalaya,’ and nearly a furlong or cable in length. 

Holy Writ records that Noah's Ark, launched on the waters of the flood 2340 
years before Christ, was 300 cubits long, 50 cubits broad, and 30 cubits deep, the 
proportional length being six times the breadth, and the depth 6-10ths of the breadth. 
By old law, the tonnage of Noah’s Ark was 11,905 tons, and calculated on this esti- 
mate, her external bulk would be about 1,580,277 cubic feet; the ship built 2000 
years ago at Alexandria, vy Ptolemeeus Philopater, 6445 tons; while that of the 
modern Ark, designed by Mr. Brunel, and building by Mr. Scott Russell, would be 
22,942 tons, and 2,973,593 cubic feet bulk, and her length is 8°19, or eight and one- 
fifth times her breadth. 

The speed, ceconomy and comfort promised in this vessel building on the Thames, 
attract for ita large share of public attention, but little consideration has been given to 
the subject of tts security in heavy sxas, its capabilities for navigation, and the effect of 
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an ocean wave on a veseel of such extraordinary length. It is true that such a vessel 
may often cross the Atlantic without encountering such a sea as would endanger her, 
but Mr. Henderson affirms that he has seen waves of a height of 50 feet, from crest 
to hollow, and argues that it is impossible for a vessel of this length and proportion to 
be kept under command in such a sea should any accident happen to her machinery, 
The investigations of Dr. Scoresby show that the elevation of the Atlantic waves 
in a hard gale was as much as 43 feet. Others estimate the mean elevation at 
20 feet, with a length of 160 feet, and a velocity of 30 miles per hour. We may there- 
fore estimate the usual gales in the Atlantic as producing a wave 25 feet in height 
and 200 feet long. The author doubts the capacity of such a ship under such pres- 
sures, and cites examples of this in three Kmetican steamers, the ‘Frome,’ the 
‘Vanderbilt,’ and the ‘ San Francisco.’ The former was lost; the Vanderbilt fell 
into the trough of the sea, and was struck by a wave which carried away all her 
bulwarks, made a clean sweep of her deck-houses, and put out all her fires. The 
San Francisco, a large steamer, bound to California, caught in a north-west gale in 
the Gulf-stream, being disabled got into the trough of the sea; she became per- 
fectly unmanageable, and part of the crew and 150 passengers were washed off her, 
the decks actually being stove in, they having no command over her when under sail 
alone. This difficulty may be obviated by the ship being provided with a rudder at 
the stem as well as the stern, and by having before the after rudder, and above the 
screw shaft, a steering paddle or three-armed paddle across the stern, the wheel being 
two-thirds its diameter above water, to be worked by a ten-horse engine. 


Descriptive Measurement for Tonnage. 


By an Act passed in 1836, and amended in 1845, a rule was adopted, based on the 
internal measurement of eleven breadths and four depths, taken at three sections, the 
divisor 3500 leaving the registered tonnage. 

In 1849, the Tonnage Committee, including Mr. Parsons and Mr. Moorsom, ship- 
owners, naval and mercantile captains, reported “‘ that the equitable basis charges 
for dock, light, harbour, and other dues, was that of the entire cubical contents 
measured externally to the height of the upper deck by the use of diagrams of sections 
and curves of the areas.” 

Mr. Moorsom proposed a mode of computing the internal capacity without the aid 
of diagrams or curves of areas, and of ascertaining the tonnage by dividing by 100 
as more convenient. In May 1850, the author transmitted to the Board of Trade a 
revised plan, showing that the mode of external measurement and computing the 
bulk adopted in the bill of 1850, is equally applicable to ascertaining the internal 
capacity ; and that by one measurement, taken either externally as in bill, or inter- 
nally as proposed by Mr. Moorsom, both the external bulk and internal space could 
be ascertained by means of transverse sections and curves of areas. 

To meet the inequalities of light goods and dead-weight cargoes, and those of 
timber-built ships and iron vessels, it was then proposed, and still advocated, to com- 
bine the advantages of external measurement, recommended by the Tonnage Com- 
mittee of 1850, with the internal measurement proposed by Mr. Moorsom and 
adopted in April 1854, in the bill to come into operation in 1855, by taking the mean 
of the external bulk and the internal space in cubic feet, thus forming an average 
between timber ships and iron ships, light cargo and dead weight, as the basis of 
register tonnage. The Tonnage Committee in 1849 ascertained, by measuring the 
external bulk, or cubic contents of many vessels, that the ratio of old, or builder’s, 
tonnage to the bulk or displacement to upper deck was 27-100ths. The factor ‘27 
was adopted in the bill of 1850. 

The bill of 1854 adopts 100 as the divisor of the internal capacity for the register 
tonnage based on the internal space only, instead of which it is proposed that the 
roles for external measurement should be added to the 20th clause of the Merchant 
Shipping Bill before it comes into operation in May 1855. A factor of 30, 31, or 
32-100ths of the mean bulk and space could be fixed for each 500 tons, so that it 
should produce a register tonnage a little below the old law or builder’s measure- 
ment, and thus approximate the rule or tonnage used by foreigners. 

The: practicability of computing both bulk and space from one measurement, taken 
either externally or internally, is exemplified by the diagram of midship section of a 
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e strength of vessels, so far as regards their safety, may also be ascertained by 
rding on the certificate of survey a specification in detail of the materials as 
own in the certificate survey of the 350-ton vessel, from which the weight of the 
pull of a timber ship is estimated to be 184 tons, that of iron 138 tons. The exact 
space occupied by the hull can be measured by setting off the thickness of timber and 
ilank and iron at measured sections on a scale, which not only shows the disposition 
of material and strength, but enables the surveyor or owner, from one measurement, 
to compute both the external bulk and internal space; the former affording in- 
formation as to form, proper aon and dead-weight cargo carried; the latter, the capa- 
city for light goods, their difference being the cubic contents of the hull, as shown 
above, for a timber vessel to be 11,662 cubic feet, its ratio to the internal space being 
504, or one-half, while that of an iron vessel is only ‘367, or the hull little more than 
one-third. 

The new Act adopts the internal space as the basis of registered tonnage, using 
100 as the divisor, by which a vessel of the same dimensions and bulk would be 
registered only 230 tons if built of timber, but 268 tons if built of iron. As much 
more equitable, itis proposed to substitute for this the mean of the external bulk and 
internal space, as before mentioned. The same vessel built of timber on Lloyd’s 
specification, or entirely of iron, using the factor ‘30 hundredth, their registered 
tonnage would be 247 and 263 tons respectively. 

These propositions, like Mr. Moorsom’s, were again addressed to the Board of 
Trade in November 1852, suggesting the reorganization of the Tonnage Committee, 
and the addition of Members connected with shipping and with scientific societies, 
so as to promote free discussion and the improvement of the Mercantile Marine. 

In December 1853, it was’ discussed at the Institution of Civil Engineers, and 
application was made to the Board of Trade that the plan might be submitted to the 
Local Marine Boards and shipowners. This request was not complied with, the 
internal measurement proposed by Mr. Moorsom being adopted, instead of the 
external mode recommended by the Tonnage Commission. 


Mr. Kzoeu exhibited and explained the construction of a new kind of power- 
loom, in which two looms are fitted into a single frame, one loom being above the 
other. The advantages stated to be gained by this arrangement are increased space 
and greater ceconomy in the manufacture. 
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On some Experiments upon a Telegraph for communicating across Rivers 
and Seas, without the employment of a submerged Cuble. 
By J. B. Linpsay. (Communicated by Ricu. B. GRANTHAM, CE.) 


Mr. Lindsay’s proposition or invention consists in communicating intelligence 
through rivers and seas without the use of a submerged cable. 

An experiment was tried on a small scale in the middle of last month across the 
mill-dam at Portsmouth, in the presence of Capt. Beattie, Royal Engineers, and 
other engineering officers: the distance was 536 feet. The next and last experi- 
ments were made across the entrance to the harbour at Portsmouth, one distance 
being 600 yards and the other 1380 yards. . 

He placed along upon each shore a copper wire, to both ends of which he 
attached a sheet of copper, one pair of these sheets being opposite to the other pair 
upon the shore. All the other four sheets were immersed in the water, but they 
were uot isolated. Upon one line of wire the battery was placed, and upon the 
other the telegraph ; and upon the battery being brought into action, the needles were 
put in motion on the opposite shore. 

_ Mr. Lindsay considers that the distance between the copper plates on each shore 
ought to be equal to the sum of the two widths across the river or sea at the plates ; 
but by increasing the strength of the battery, or enlarging the area of the copper 
plates, the plates can be brought nearer to each other. 

In the last experiments the distance across two of the plates was said to be 600 
yards, and the other distance 1380 yards. One of the plates was laid at Blockhouse 
Fort, and the other at the round tower at Sallyport. 

One very surprising feature in these experiments was, that although the ‘ Stirling 
Castle,’ a two.decker, was moored near to the plate on the north of Blockhouse 
Fort, and beside her a frigate hulk for convicts, and also the ‘ Sealark’ brig, and these 
ships were nearer to the plate at Blockhouse Fort than the distance from those ships 
to the plate on the opposite shore, the communication was not in the least degree 
interfered with. These ships were all copper-bottomed, and they were in close vici- 
nity to the ‘ Victory,’ and many others, but they were on one side, and not in the 
direct line of communication. 

There is, besides the copper of the ships, the iron chains by which the floating 
bridge is drawn across the harbour ; and still, with all these incitements to draw off 
the electric fluid, there was no interruption of the current in its course to the 
needles. 

Jadging from the results of these experiments, Mr. Lindsay believes that there is 
scarcely any limit to the employment of this kind of telegraph; and if he had the 
opportunity, he would not fear to extend it across much wider spaces than have 
hitherto been attempted. 

These experiments show that intelligence can be transmitted across rivers and seas, 
and that this kind of telegraph may be used for communicating across rivers in popu- 
lous places, where there may be large numbers of vessels passing and repassing ; but 
if upon the larger scale, across seas from one kingdom to another, a vast improve- 
ment will be attained as compared with the present system by submerged cables, 
liable to many accidents, and probably undergoing a vast amount of depreciation. 


Mr. E. M‘Dermortrt explained a new railway brake, which is brought into action 
by the pressure of the steam in the boiler. 


On a Method of Boring Holes in Rock for Tunneling Purposes. 
By J. Nasmytn, F.R.S. 


In the ordinary method of boring holes for blasting, by striking at the end of the 
bar with heavy hammers, a great portion of the effect is lost by what is commonly 
termed the “‘inertia”’ of the bar. To overcome this defect, Mr. Nasmyth proposes 
to convert the bar into a piston-rod, to work in an air-tight cylinder through a 
stuffing-box. By this means, when the piston is drawn to the end of the cylinder, 
the pressure of the atmosphere will force it back again with accumulating velocity, 
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and the blow struck will have much greater effect. Mechanical contrivances might 
be introduced for changing the shape and the directions of the penetrating point. 
It was suggested in the discussion that ensued, that a similar effect might be more 
readily produced by the employment of vulcanized india-rubber springs. Mr. 
Nasmyth observed, that any elastic medium would answer the purpose; but air 
suggested itself as affording greater extent of spring. 


Mr. Nasmyts explained a plan for destroying ships by means of a marine 
mortar fixed at the bow of a strongly built vessel to be propelled by steam-power. 
He proposed to place in the bow of the vessel, and projecting about 2 feet beyond 
it, a case large enough to contain about six hundredweight of gunpowder. A per 
cussion ball was to be inserted at the back of the reservoir of gunpowder to explode 
at the instant that it struck against the ship to be destroyed. The mortar vessel 
was to be built of blocks of timber, so strongly as to be able itself to resist the 
effects of the explosion, which would completely destroy the enemy’s ship. Such a 
marioe mortar, it was stated, could be amply manned by “three brave fellows,” 
who would be secured from danger by the strength of the ship and its recoil, and 
by then occupying positions least exposed to injury, even should the explosion do 
damage to the parts nearest to it. : 


Mr. NasmytsH described a Lightning Conductor for Chimneys, which he con- 
ceived affords more perfect insulation, and is therefore safer than those in common 
use. The present practice is to fix the conductor outside the chimney by metal 
holdfasts, by which means, during severe thunder-storms, chimneys are often 
damaged by the lightning entering at the points of attachment and displacing the 
bricks. In the method of fixing the conductor recommended by Mr. Nasmyth, the 
metal rod is suspended in the middle of the chimney by branching supports fixed 
on the top. A conductor of this kind had proved efficient in storms which had 
severely injured other chimneys in the neighbourhood that were protected in the 
usual manner. An experience of eighteen years had tested the superiority of the 
plan*. 


Capt. J. Norton described some railway signals, which he considered might be 
adopted with advantage for effecting communication between the guard and the 
engine-driver. One of these; which he said was of Chinese origin, consisted of a 
metal whistle fixed to a short stick, which when thrown rapidly through the air, 
made a shrill sound. Capt. Norton said, the best means of propulsion was to fire 
it from a pistol. He had tried it several times with great success ; for the engineer, 
when he heard the whistle passing over his head, responded immediately by sounding 
the steam-whistle. 


* Prof. Faraday, on being called on for his opinion, said that he had no objection to 
lightning conductors being placed inside as well as outside of buildings. The lightning con- 
ductor attached to the Duke of York’s pillar is fixed outside, to the great disfigurement of 
the column ; he would have placed it inside. All masses of metal near the conductor are 
bad, unless there be a continuous line of conduction to the ground. He mentioned the 
instance of damage done to a lighthouse in consequence of part of the discharge of light- 
ning having passed from the conductor to the unattached lead fastenings of the stones. So 
@ practical question for consideration by the Mechanical Section was, how far they could 
safely run lead between the stones of such a structure ; for if it were done partially, leaving a 
discontinuous series of such metallic fastenings, there would be great danger of the stones 
being displaced by the electric discharge. When such fastenings are used, care should be 
taken that they are connected together and with the earth by a continuous metallic conductor. 
Some persons conceived that it is desirable to insulate the conductor from the wall of a 
building by glass, but all such contrivances are useless, since the distance to which the metal 
could be removed from the wall by the.interposed insulator was altogether insignificant 
compared with the distance through which the lightning must pass in a discharge from the 
clouds to the earth. On being asked whether a flat strip of copper was not better than a 
copper rod, Prof. Faraday said the shape of the conductor is immaterial, provided the 
substance and quality of the metal are the same.—-[Note by Ep:ror. ] 
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PANE a Pop Are 
On Unohanged Steam! By Mr. Prosser. — 

The author explained and commented on the plan adopted in the ‘ Arctic’ steam- 
packet, of giving additional heat to the steam on its passage to the cylinders by 
exposing it more directly to the action of heat. 


On the Means of realizing the advantages of the Air-Engine. By WiLL1aM 
Jonn Macquorn Rankine, Civil Engineer, F.R.SS. Lond. § Edin. gc. 


This paper consists of four sections. In the first are explained the two funda- 
mental laws of the mechanical action of heat, and their application to determine the 
efficiency of theoreticaliy perfect engines, working between given limits of tempera- 
ture; and it is shown that, as the efficiency increases with the distance between 
those limits, and as it is easy to employ air with safety at temperatures far exceeding 
that at which the pressure of saturated steam would cease to be safe and manageable, 
the maximum theoretical efficiency of air-engines, consistent with safety, is much 
higher than that of steam-engines ; for example, at the temperature of 650° Fahr., 
at which the air-engine has been successfully worked, the pressure of saturated 
steam is 2100lbs. on the square inch, while that of air is optional, being regulated 
by the density at which the air is employed. 

In the second section the various causes of waste of heat and power in steam- 
engines are classified, and the actual efficiency of steam-engines is compared with their 
maximum theoretical efficiency, and also with the maximum actual efficiency which 
may mensonaoy be supposed to be attainable in the steam-engine by means of any 
probable mechanical improvements. 

The following are eatimates of the consumption of bituminous coal of a specified 
quality per horse-power per hour :— 

1. For a theoretically perfect engine, working between such limits of 

temperature as are usual in steam-engines.............2..06. ... 1°86lbs. 

2. For a double-acting steam-engine improved to the utmost probable 

extent..... ee a rr cece oe. 2°50 ,, 

3. For a well-constructed and properly worked ordinary double-acting 

steam-engine ON AD AVETAZE .... cece reece cere cece ee eeeecerces 4:00 ,, 

In the third section the causes of waste of heat and power in air-engines are 
classified in a manner analogous to that applied to steam-engines, and the actual 
efficiencies of those previous air-engines as to which satisfactory experimental data 
have been obtained, namely, Stirling’s engine, and Ericsson’s engine of 1852, are 
compared with the efficiencies of theoretically. perfect engines working between the 
same limits of temperature, the results being as follows, so far as they relate to the 
consumption of coal of the specified quality, per horse-power per hour :— 


Actual ‘oo. “theoretically 
consumption. perfoct _ sine 
Stirling’s engine........ eee ceees wobec cece eees 2°20!bs. 0°73lbs. 
Ericsason’s engine of 1852..... Coe e cere teneeaes 2°80lbs.* 0°82!bs. 


It is thus proved that an air-engine has actually been made to work successfully, 
and to realize an ceconomy of fuel considerably superior to that of ordinary steam- 
engines, and, in fact, surpassing the utmost limit to which it is probable that the 
ceconomy of double-acting steam-engines can ever be brought. 

Stirling’s engine, as finally improved, was compact in its dimensious, easily worked, 
not liable to get out of order, and consumed less oil, and required fewer repairs than 
any steam-engine; still the advantages shown by that engine over steam-engines 
were not so great as to induce practical men to overcome their natural repugnance 
to exchange a long-tried method for a new one. Another circumstance caused 
Stirling’s and Ericsson’s engines to meet with neglect from scientific men, namely, 
that both were by some persons represented as instances of power created out of 
nothing,—the popular delusion commonly called ‘‘ the perpetual motion.” 


* The fael consumed in Ericsson's engine was anthracite, at the rate of 1°87 lb. per in- 
dicated H. P. per hour, according to Prof. Norton’s computation. This quantity is here 
multiplied by 1°5, to reduce it to the equivalent quantity of bituminous coal of the quality 
contemplated in the other calculations of this paper. 
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It is shown that Stirling’s air-engine, as compared with a theoretically perfect 
air-engine, wasted two-thirds of its fuel, and Ericsson’s somewhat more. 

Two obvious and powerful causes of that waste of fuel are traced,— 

1. Deficiency in extent of heating surface ; , 

2. The communication of heat from the furnace to the working air, at those 
periods of the stroke when it is not performing work. 

The necessary conclusion is, that the more completely we remove those two causes 
of waste of fuel, the more nearly shall we approximate to the theoretical extent of 
the ceconomy of the air-engine, an extent far exceeding that to which the ceconomy 
of the steam-engine is restricted; and the more fully, in short, shall we accomplish 
that which has hitherto been very imperfectly done; t.e. REALIZE THE ADVANTAGES 
OF THE AIR-ENGINE. [These first three sections have been published in the Edin- 
burgh Philosophical Journal for January 1855. ] 

The fourth section describes the improved air-engine of Messrs. James Robert 
Napier and W. J. Macquorn Rankine. In this engine the heating surface is in- 
creased to any required extent by means of tubes employed in a peculiar manner. 
The waste of heat, from its communication to the air at improper periods of the 
stroke, is prevented by a sort of plunger, or combination of plungers, called the 
Heat-screen, which prevents any access of the air to the heating surface, except 
when it is in the act of expanding, and so performing work. The engine may be 
made of the same size with a steam-engine of the same power, or smaller, according 
to the degree of condensation at which the air is employed. 

Independently of the amount and value of the saving of fuel which will result 
from the introduction of the air-engine, it possesses the important and iacontestable 
advantage, that even should an air-receiver burst (which is very unlikely), the ex- 
plosion would be harmless, for its force would not be felt beyond the limits of the 
engine itself, and hot air dues not scald. 


Dr. Rerp presented a sketch of the plan of ventilating St. George’s Hall; and 
at the conclusion of the sitting he accompanied the members over the building to 
show the arrangements. 


On the Progress of Naval Architecture and Steam Navigation, including a 
Notice of the large Ship of the Eastern Steam Navigation Company. By 
Joun Scott Russexi, C.B., F.RS. 


Mr. Russell explained the elementary principles which guide the construction of 
ships, and condemned the legislative restrictions which, till within the last twen 
years, prevented the application of those principles. The old “ sea chests,”’ which 
were constructed with a view to avoid the taxation imposed on ships that were not 
built of certain shapes, possessed neither the requisite properties of stability nor 
windwardness, and were very slow; they were built solely with a view to hold the 
greatest amount of cargo within a given superficies, without regard to the other 
qualities of a ship. In smuggling and piratical vessels the true principle of ship 
building, for acquiring speed, had however been long introduced before the subject 
was taken up by the British Association, and the wave principle of vonstruction had 
thus been established by extended experiments on a large scale. A fine concave 
entrance, instead of a bluff round bow, is now generally admitted to be the best ; 
and, in addition to the shape of the water Tine, it had been found that length of the 
body of a ship facilitates its passage through the water, by allowing a longer time 
for the particles of the fluid to separate. _A ship with a fine concave bow, a long 
body, and a comparatively rouad stern, Mr. Russell said, cleaves its passage through 
the water without raising a wave in front to obstruct its course. No steam-ship 
that is not 180 feet long can be propelled at a speed of sixteen miles an hour without 
a great expenditure of power; and 400 feet is the shortest length for a ship that is 
intended to be propelled at so high a speed as twenty-four miles an hour. As an 
illustration of this rule, it was mentioned that the ‘ Himalaya,’ which is 365 feet 
long, attains the greatest speed for the power employed of any merchant ship. In 
the construction of large ships, however, the builders were met with the difficulty of 
not being able to find wood of sufficient size for the requisite strength, since no 
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means have yet been invented of joining pieces of wood together so as to give them 
the same strength as the whole timber. This want of material of sufficient size 
was supplied by using iron, for the joints can be made as strongly as the whole 
plate, or plates of metal of any required size can be rolled for the purpose. This 
facility of increasing the size of the material is the principal advantage derived from 
the use of iron, which affords facilities for constructing shipe of any size; and it is 
of that material that the great ship, now building in London for the Eastern Steam 
Navigation Company, is to be constructed. Mr. Russell complimented Mr. Branel 
for the engineering skill and ingenuity he bad displayed in leading the way in the 
construction of large iron ships; and he alluded to the forebodings of disaster on 
former occasions, when the ‘Great Western’ and the ‘Great Britain’ were builf, 
which forebodings events had shown to be groundless; and he felt confident thar 
the similar forebodings which some people had expressed of the still larger ship 
now being built would be equally fallacious. Mr. Russell said he wished it how- 
ever to be understood, that he did not recommend the general adoption of such large 
ships. The size of the ships ought to be suited to the traffic and the distance ; but 
the point he contended for was, that it is only by employing very large ships that 
steam-navigation to distant parts of the globe can be profitably carried on. A 
steam-ship to Australia, if it were not large enough to carry sufficient coal for the 
voyage, had to take in a supply over and over again, and at each station the cost of 
the coal was increased by conveying it to the different stations. Under such disad- 
vantages no freight could pay the cost of conveyance ; and in order to remove them, 
it was necessary to build a ship of sufficient size to carry a supply of fuel for the 
voyage out and back again, or equal to circumnavigating the globe. An extremely 
fine entrance was another of the characters which the large ship now building would 
possess, so as to enable it to move through the water with the greatest attainable 
velocity with a méderate amount of steam power. With these advantages it was 
expected that the ship would accomplish the voyage to Australia in thirty or thirty- 
three days. It would easily carry 6000 tons, besides its requisite quantity of coal, 
and would have excellent accommodation for 500 first-class passengers, 600 second- 
class, and 1000 third-class passengers. It would be 675 feet long, 83 feet in 
breadth of beam, and 60 feet deep; and though so large that St. George’s Hall is 
small in comparison, it is the smallest size that could do the work required with 
speed and ceconomy. 


On Mechanical Appliances on board Merchant Ships. By Mr. Saxsy. 


Inquiry as to the Principles and Measures on which Safety in the Navigation 
of Iron Ships may be reasonably looked for. By the Rev. Dr. Scoressy. 


Dr. Scoresby alluded to his previous communications on the deviations of ships’ 
compasses by the influence of the masses of iron in iron ships, and said, that after 
experiencing much opposition, his views had been fully confirmed by Mr. Archibald 
Smith, a gentleman who had at command all the records of her Majesty’s ships. 
The principles for which he contended were :— 

1. That the magnetism of iron ships in its action on the compass may be repre- 
sented by a vertical and a horizontal bar swinging round a compass. 

2. That changes in the magnetic distribution and compass action in iron ships do 
take place. 

3. That changes take place in a ship’s magnetism by changes of magnetic latitude. 

4. That there are influences in a ship derived from the varieties of form and 
position (relatively to the compass) of particular masses of iron which may act as 
natural correctives. 

5. That the plan of correcting the deviation iu iron ships by fixed magnets is 
unsafe, and in going to southern regions aggravates the error. 

6. That the twisting and straining of the iron materials of a ship will tend to 
alter the magnetic action on the compass; and, 

7. That, whilst changes are not unfrequently rapid on occasion of blows from the 
sea, ordinarily it requires time to effect the changes in a ship’s magnetic action. 

1854 ll 


1692 REPORT—1854. 


Dr. Scoresby said, the resulte of these principles establish the propositions for 
which he has long contended, that the magnetism of all iron ships is changeable ; 
and that the iron ships in which the least changes may be expected to occur are those 
which have been long in use ordinarily pursuing the same course, and those not 
making voyages further south than the Mediterranean. In such circumstances, an 
intelligent captain, by observing the changes that take place, may generally have 
confidence in his compasses. The suggestions which Dr. Scoresby made for dimi- 
nishing the danger arising from deviations are,—that a standard azimuth compass 
be placed on a pedestal on deck where a position of smallest deviation may be found ; 
that a compass be placed at the masthead for reference to correct errors; and that 
care be taken on selection of compasses to have ample directive force in the 
needle. 


On Steam-boiler Explosions. By Joun Sewxit, Assoc. C.E. 


On the Origin of Wire Rope ; its Qualities and CEconomy. 
By Anprew Situ, London. 


In the year 1848, the British Navy had in commission only 376 ships of every 
elaas ; at the present time thére are in commission more than double that pamber. 
The expense for hempen rope standing rigging for the above number of ships (hempen 
rope being at the rate of about £40 per ton) amounted to about £114,330. At 
that time patent wire rope was £60 per ton; but in consequence of wire rope being 
more than twice as strong for the same weight of hempen rope, the cost for the 
standing rigging of the above number of ships, made of wire rope, amounted to 
about £36,000, thus showing a saving of about £28,000 for one outfit of the Royal 
Navy at that time ; but now hempen rope is about £80 per ton, instead of, as it was 
then, in 1848, 440 per ton. The Royal Navy is now supplied with wire rope at the 
rate of £40 per ton. Now, as that supply is more than doubled in consequence of 
the great increase of the Royal Navy, and as hempen rope is now about £80 per ton, 
the same number of ships would cost £238,660; and as there is more than double 
the number of ships in commission at this time, and as the price of hempen rope 
has doubled also, and if there had been no wire rope, the Royal Navy would have 
cost the country for one outfit of standing rigging £914,640 ;—now it follows, 
that aa wire rope is only £40 per ton, instead of 460, as it was in the year 1848, 
the saving now effected by the invention of wire rope, as applied to the standing 
rigging of the Royal Navy, is about £457,320 for one outfit, without taking into 
account that it is much more lasting or durable. Speaking from the length of 
experience, which is nearly twenty yeara, it may be taken ag three times more 
durable ; in fact, unlike hemp, the older the wire is the stronger it gets. Several 
ships in the Royal Navy have been fitted from fifteen to sixteen years with this rope, 
and it is now as good as when first put over the masthead. Hempen rope in the 
Royal Navy is fitted every three years, or every time that the ships are put In com- 
mission; in the port of Liverpool a great number of vessels have been fitted with 
this rope about fifteen years; consequently if it is admitted to be three times more 
lasting ot durable than hempen rope, there would be a saving effected in three com- 
missions, or nine years, for the standing rigging of the Royal Navy, amounting to 
the sum of £1,371,960. The merchant service is using quite as mach now of this 
important manufacture as the Royal Navy; and its application for mines, raitways, 
submarine-telegraph cables, &c., is very great. There are at this time about twenty 
different establishments for producing this important and now staple manufacture in 
Great Britain; and if the average produce at each establishment be taken as five 
tons per day, they make 100 tons per day. If the average price be taken as £50 
per ton, this will amount to upwards of £1,500,000 sterling per annum. Copper 
wire rope is now very extensively used for lightning conductors, and was first intro- 
daced for the purpose by the aathor of this paper. 
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On the Limit of Weight which may safely be laid on a Pile driven into the 
Ground. By Professor Stevetty, LL.D., Belfast. 

The force which resists the penetration of a pile may, under very peculiar circam- 
stances, diminish as the pile is driven downwards ; but for the most part it increases, 
and generally towards the last strokes it reeeives from the ram the increase is very 
considerable. A simple test for this was pointed out by the author, viz. after the 
pile had been driven as deep as intended, letting the ram descend on it from a less 

eight than the ptevious stroke, and carefully comparing the two distances it has 
been thus driven. If the resistance inerease, then the actual load the pile can bear 
will not be less than what it would be if the resistance were strictly uniform which 
the pile experienced as it penetrated. This last force admits of a very simple calcu- 
lation ; from which, therefore, a most certain limit to the load or dead weight that 
can be laid on the pile without its sinking further may be obtained. The author 
then pointed ont the two dynamic principles on which the calculation was founded : 
—1. When a moving mass, W, strikes another W’ at rest with the velocity v, then 
the velocity, after impact, 


Ww 

U 

@ — -} oO W+ wr 

9. When a body, moving with the velocity v’, ie stopped by a unifermly acting 
resistance, that resistance can be compared with the weight that gives the velocity 
(say to the ram), by the principle that the force or resistance is proportional to the 
square of the velocity gained or destroyed, divided by the space through which the 
force acts to give or take it away. The following practical rule is, then, a simple 
algebraic deduction from these two principles. Let W denote the weight of the 
ram in tons; W' the weight of the pile in tons and decimals; h, the height in feet 
and decimals from which the ram is let fall on the final stroke; d, the depth in 
decimals of a foot which the last stroke causes the pile to penetrate. 1, the limit 
of load (in tons) that may with safety be laid on the pile, shall then be,— 


_ w A. 
L=Ww. (wre) (3) 
in which W, W’, A and d, can all be had by actual weighing and measurement. 


On an improved Printing Machine. By J. StatTHER. 


Mr. J. Taytogz made a communication ‘‘ On an Iron Floating Graving Dock ;’’ 
by which means the ships to be repaired are raised by caissons of a peculiar shape. 


A Report of Experiments on the Friction of Discs in Water and on the 
aperiments to be made on Centrifugal Pumps. By J. Thorxton. 
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APPENDIX. 


On the Amounts of, and Methods of Estimating, Ammonia and Niiric 
Acid in Rain-water. 
By J. B. Lawes, F.R.S., F.C.S.; and Dr. J. H. Grupert, F.C.S. 


[The following Paper, containing the numerical results relating to ammonia,—but not three 
referring to nitric acid, which the authors exclude, after reserving them for re-exami- 
nation since the Liverpool Meeting—is given as supplement to the abstract at pp. 70, 71, 
and is added by direction of the Council.]} 


Tue character and amount of the extraneous matters in rain-water are 
questions of interest in so many points of view, that little apology need be 
made for recording, unger the auspices of the British Association, any addi- 
tional information on that subject. Of all such extraneous matters, the 
ammonia and nitric acid are of importance in the most numerous aspects. 
Thus, their existence in the atmosphere, from which they are washed by the 
rain, is primarily dependent, largely at least, on the emanations from the 
surface of the earth, resulting more or less directly from the decomposition 
or combustion of animal and vegetable substances, and the transformation of 
the animal substance by the vital process. Their amounts therefore must be 
greater or less in the lower strata of the atmosphere, according to the local 
prevalence of animal life and other causes, whilst the relative amounts of 
the two, especially in the higher strata of the atmosphere, will be dependent 
on its meteoric or electrical condition. Again, whatever may be their source 
or amount, or their proportion to each other in the atmosphere itself, the 
amounts of them which are carried down in rain and the minor aqueous 
depositions from the atmosphere in any given locality, over any fixed period 
of time, or according to other circumstances, must be of interest at once in 
a sanitary, a meteorological, and in an agricultural point of view. 

_ It is to Cavendish that we are indebted for the observation, that ammonia 
and nitric acid are formed when humid air is submitted to voltaic action. 
About the commencement of the present century, De Saussure deteeted 
ammonia in the atmosphere. A few years later, Chevreul observed its pre- 
sence in the Seine; and in 1825, Brandes detected it in rain-water. Since 
that time much more minute attention has been paid to this subject, and 
also to the presence of nitric acid in rain and other waters. Liebig and 
Boussingault have particularly called attention to the influence which the 
ammonia carried down from the atmosphere must have upon the growth of 
plants; and the former of these philosophers pointed out the occurrence of 
nitric acid also, in a considerable number of rain-waters which he examined, 
especially in those of thunder-storms; though to the amount of nitrogen 
so brought down he attached little importance. Dr. H. Bence Jones has 
also found nitric acid in the rain which fell in various parts of England 
and in the south of Ireland. 

But it is to the more recent labours of Boussingault that we are indebted 
for our most elaborate quantitative estimations of the ammonta in rain and 
other waters; and M. Barral has made a series of quantitative determinations 
of the nitric acid as well as the ammonia, contained in the rain which fell at 
Paris during several consecutive months in 1851. Our own object in 
entering uppn the same field of inquiry, was chiefly with a view to the 
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agricultural bearings of the subject. But the conduct of an investigation 
involving at once the treatment of large bulks of material and the determi- 
nations in them of infinitesimally small amounts of the substances sought 
for, is attended with many practical difficulties: and the scope and object of 
the present paper is rather to discuss the methods of analysis, than to rely 
with confidence on the conclusions to which we might be led by the direct 
application of the numerical results yet obtained, to the solution of the 
several important scientific and practical questions upon which they bear. 

In the Tables which follow are given the results obtained in the estimation 
of ammonia in rain-water by several different methods. In the first instance, 
very large amounts (from 100 to 200 lbs. or more) of rain-water, to which a 
little caustic potash was previously added, were distilled, and the distillation 
of the product repeated, collecting in each case about one-half the amount 
put into the retort, until the whole was reduced to a convenient bulk for 
furthertreatment. This was then evaporated in an open vessel, with a known 
amount of sulphuric acid ¢o a given volume. Measured portions of this acid 
product were then neutralized by a standard aealipe solution, in the usual 
manner of liquid analysis. This process we designate as ‘“ Method 1.” 

The system of graduation adopted throughout the experiments was that 
of septems, this being generally employed in water analyses in Great Britain. 
As cubic centimetres and litres are generally adopted abroad, it may facilitate 
the conception of those accustomed to the latter measures, to state, that the 
septem is equal to 7 grains of water at 60°; tbat 1000 septems is equal to a 
decigallon, or 1 |b. ; and 10,000 septems consequently are equal to ] imperial 
gallon. A cubic centimetre, on the other hand, is equal to 1 gramme, or 
rather less than 15} grains; and 1000 cubic centimetres, or grammes, are 
equal to | litre. Consequently, for the purposes of a general conception 
merely, a cubic centimetre may be considered as equal to 21th septems, and 
a litre to 24th decigallons or lbs. avoirdupois. We shall, however, always 
give the amount of ammonia found in one million parts of rain-water, which 
is precisely equivalent to the scale of milligrammes of ammonia per litre 
(1,000,000 milligrammes) of water, as adopted by MM. Barral, Boussin- 
gault and others. The sulphuric acid used in the determinations made by 
Method 1, was at “10°” strength, 1000 septems of which contain 50°1 grains 
(one-tenth the combining number) of the dry acid; 1 septem, therefore, of 
this liquid acid contains 00501 grain of the dry acid, and is equivalent to 
the neutralization of 002145 grain of ammonia, which is = +, ,ygth of Ber- 
zelius's number for ammonia. The acid was prepared by dissolving 66°78 
grains (one-tenth the combining number) of pure carbonate of soda in 1000 
septems, or a decigallon, of distilled water at 60°, and then making a pre- 
viously dilute acid to exactly the same strength, volume for volume, by the 
usual alkalimetrical method ; and, from this acid at 10°, the standard caustic 
alkali solutions were made of a like strength, in a similar manner. The above 
acid is exactly one-seventh the strength of Peligot's acid. 

In Table I. which follows, are given the results of the determinations of 
the ammonia by this “ Method 1,” in the mixed sample for each month, of 
the rain which fell in March, April, May, June, July and August of 18538. 
The quantities operated upon were one-half or one-fourth of the total 
amounts collected in each month in a rain-gauge of exactly yo/yqth of an 
acre area (45°56 square feet). 
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Tass I. 
Method 1.—The Rain twice distilled to {ths with a little caustie alkali, and 
the second distillate evaporated with sulphurie acid to the measure of 
1000 septems. (Year 1858.) 


| ==septems | Grains of | Ammonis 
al eo pontralize ammonia atiammonia inj per millien 
of concen. 10° in 100 | rain-wates | at 
trated acia (*@Ptemsacid| taken. | rajn-watey. 


product. roduct 

17s | iss }| soe | Fess 
ee if} 090s | esis 
ms | 481} ons | tae 
on go }| une | te80 
ae] gf} tom | om 
35-5 45 | 0065 | oes 


It is seen that the smallest quantity of water submitted to distillation in 
this series of experiments was about 95 |hs., and that the largest was about 
167 lhe. To the second distillate of jths of the amouns ppt inte a retort of 
glass with a little caustic alkali, the quantities of sulphuric acid at 10° given 
in column $ were added, and the whole was then evaporated to the meagure 
of 1000 septems at 60°. One-tenth of this, or 100 eeptems, after being 
coloured by a given measure of infusion of litmus carefully freed fram exeess 
of alkali, was then tested with a caustic alkalj solution, also at 10°. J¢ was 
invariably found, that, with liquids of this degree of concentratipn, the deter- 
mination cpuld be made to a single drop of the test alkali. This wauld give 
a maximym range of error of about 5th, or 2 per cent. of the whole am- 
monia contained in the water, dependent on the avanipulation of the test 
liquors. It was still a question whether there might not he some source of 
error, either in assuming with M. Boussingault that the whole of the ammonia 
" would be obtained in a Zths distillate, or in supposing that there would be no 
loss either of ammonia or of acid, in the eyaporation of the acidulated di- 
stillate in qpen vessels. By the comparison which will presently be made, 
however, between the ahove determinations by Method J, and atherg in 
specimens of the same waters by Method 2, which in fact is that adopted by 
M. Boyssingault, it will be seen that there was probably no errar dye to 
either of the pauses just suggested. In fact we conceive that the methed of 
large distillation, with subsequent acidulation and concentration of the di- 
stillate to a given measure of fluid, and the yse of comparatively etrong test 
liquids, is capable of giving very good resulis; but it was necessarily abau- 
doned from the great practical inconvenience, and frequent breakage, in 
conducting distillations in glass on so large a scale. 

In the next Table (II.) are given the actual results obtained by Method 2; 
which is substantially that of M. Boussingault. M. Boussingault’s process 
consists in submitting to a single distillation, generally not more than ] litre 
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(about 35$ ounces) of water, and collecting and testing by the alkalimetrical 
method, two or more successive fifths or tenths of the product. For this 
purpose M. Boussingault uses a test acid little more than ith the strength of 
our acid at 10°, and only ~,th the strength of the test acid of M. Peligot. 
His test alkaline solution, again, is not quite 4rd the strength, volume for 
volume, of his test acid. In practice he finds that the limit of error in the 
use of this dilute alkaline solution is about 0°2 cub. cent. measures of it, equal 
to about 0°083 milligramme, equal to 00005 grain of ammonia. This, equal to 
about yy/5nth of a grain only, is certainly a surprisingly small actuaé amount 
of ammonia to determine by analysis; but when it is considered, that in the 
quantity of water operated upon by M. Boussingault, there is seldom 1 mil- 
ligramme=0°0154 grain of ammonia, it is obvious that an error of only 
0-033 milligramme, or 0°005 grain, however small in actual amount, is still 
considerable in relation to the whole to be estimated, amounting in the case 
supposed to about sith or 3ird per cent. But when we further consider, that 
the total amount of ammonia in a litre of water is frequently considerably less 
than a milligramme, and also that this total amount, whatever it may be, is 
divided for testing into two or more separate portions of the distillate, it is 
obvious that the minimum range of error, especially in the testing of the 
weaker portions, must be very considerable indeed in proportion to its whole 
amount. We have however had the privilege of witnessing the conduct of 
the process in the hands both of M. Boussingault and of his able assistant 
M. Houzeau, and certainly with surprising uniformity of result. 

In Table II. are given the actual results of experiments in the Rothamsted 
Laboratory, in which 60 ounces, instead of only } litre, were generally 
submitted to distillation; and although the greatest care was taken, it must 
be admitted that in these first results of unpractised hands, neither was the 
relation of the ammonia in the successive portions of the distillate so uniform 
as in the experiments of M. Boussingault, nor were the total amounts of 
ammeania found in duplicate specimens of water so coincident as could be 
wished, But it must be clearly understood, that attention is called to this 
point nat in the least with the view of depreciating the admirable labours of 
M. Boussingault, which we are satisfied have been conducted with the utmost 
accuracy of which the process js capable, but it seems desirable to point out 
how serious mey be the proportional error in less constantly practised or less 
careful hands. 

_ It should be mentioned, that In our conduct of this Method 2, {fn all cases 
excepting for the month of April, a test acid of 1° strength only was em- 
ployed; that is to say, ;,th the strength of that used previously, and it was 
moreover only about Zths the strength of Boussingault’s acid. The test 
alkali, on the other hand, was, for the rain of the first four montha, at 1°, 
and afterwards at only 4° strength, which latter is very nearly identicall 

the same as that used by Boussingault. We sought to measure too, to a }t 

of a septem of the stronger, and 4 a septem of the weaker alkaline test- 
liquor, which respectively represented 0°034 milligramme, or 0°00054 grain 
of ammonia, almost identically the same degree of accuracy as that attained 
by M, Boussingault in measuring to 0°2 cub. cent. of his alkali=0°033 milli- 
gramme of ammonia. The fractional distillates were collected in small 
flasks marked according to the quantity to be collected, each of which, 
whep filled, was corked up until the serieg was ready for testing. An 
equal measure of pure distilled water was then put into a test-glass side by 
side with the distillates, and to it was added the same measure of litmus 
and acid as to the rain products. This being neutralized with ite exact 
equivalent of the test-alkali, furnished a guide as to the tint to be aimed 
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at in the other testings, which were then performed as rapidly as possible, 
to prevent the absorption of carbonic acid from the atmosphere. It was 
found by numerous trials, that this adoption of a standard—-aud com- 
pared with the method of M. Boussingault somewhat more permanent point 
of coloration—gave us greater uniformity of result in duplicate experiments 
with liquids of known strength, than that of taking the point of first perfeet 
diffusion of blue colour throughout the liquid, as adopted by Boussingault ; 
and the test-liquors were therefore arranged accordingly. It should be 
added, that the rapid diffusion of the alkali through the liquid was favoured 
by increasing its specific gravity by the addition of neutral sulphate of 
potash as employed by M. Boussingault for that purpose. 


Taste II. 
Method 2.—By the single distillation of small quantities of water (with 
alkali), and testing successive portions of the distillate according to 
Boussingault. 


Septems of Ammonia at 1° in portions of distillate. 


| ast | tenth,| sea | tenth, | sth | eth 

| tenth. | or st tenth. | or 2nd | tenth. | or Sra | Tota 

fifth. fifth. Ah. 

30 ees eee 
30 . eee eee 
60 3:0 3-0 2:0 cee vee =F 140 
60 . 4-0 2-0 2 eee oe L160 
60 ° 2-5 15 15 10 ae 14:0 
60 . 2°5 2-0 10 1-0 wee PIES 
60 4°5 1-5 15 10 1-0 05 1100 
60 5O | 1:75 | 15 15 10 eee 110-75 
60 4°75| 20 15 1-25 | 10 10°5 
60 4°55 2-0 10 0-5 0-0 ose 8-0 
60 45 15 1-0 15 15 owe £100 
60 4°75| 2-0 15 1-0 05 | ... 9-75 
60 50 | 175 | 10 0-5 0-5 8-7, 
60 4°78| 15 1-0 0-75 | O5 8-5 
60 4°75| 1°5 0-75 | 05 0-5 80 
60 45 | 2295 | 15 0-75 | 075 9-75 
60 4°0 1:25 | 1-0 075 | 0-5 75 
60 50 15 1:25 | O75 | 05 9-0 
60 60 2-0 1:25 | 0-75 | 0-5 10°5 
60 6:0 125 | 1:5 0°5 0-75 10-0 
60 12°75| 3°25 | 20-| 1-0 10 20-0 
60 125 | 35 15 1:0 10 19°5 


In reference to the figures of the Table it may be mentioned, that M. 
Boussingault found that each successive tenth of the distillate contained 
3th the ammonia only of its predecessor, and that the whole appreciable 
ammonia was generally contained in the first four or five tenths. It is seen 
that this rule as to the proportional diminution of the ammonia in the 
fractional distillates is not well borne out in tlie figures of our Table; and 
although we do not call in question the fact of this actual relationship in an 
absolutely uniformly conducted series, yet it would seem that in practice it 
is not easy to attain it. Nor can we be much surprised at the difference in 
the amount of ammonia indicated in the “total” column in cases of dupli- 
cate analyses, when we remember that each éofad is the sum of the amounts 
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obtained in four or five separate testings, in each of which the minimum 
error of observation is 0°25 of a septem of ammonia at 1°, and that it 
requires considerable practice, and some dexterity and accuracy of obser- 
vation, to avoid a greater range of error. Upon the whole, then, considering 
that in operating upon only a single litre of rain-water, the minimum error of 
observation, if any, will even with the most perfect manipulation generally 
amount to 3 or 4 per cent. of the total ammonia contained in the water, and 
further, that in any but the most practised and skilful hands the error may 
be much more than that supposed—indeed more than multiplied by the 
numberof testings—we were led to abandon this second method also, not- 
withstanding its very obvious advantages so far as convenience and rapidity 
are concerned. These objections will of course apply with still greater 
force when rains containing less than the average amount of ammonia are 
operated upon, and especially in the case of the waters of springs and rivers, 
the average amount of ammonia in which would seem, according to M. 
Boussinguult, to be very considerably less than in any rain-waters. 

In subsequent experiments, therefore, we adopted the plan of operating 
upon several litres of water in the first instance, reducing the bulk by suc- 
ceasive distillations to one-half, until thus brought to a convenient amount 
for final distillation, and subsequent testing of measured proportional amounts 
of the distillate in the manner described in reference to Method 2. This 
modification, we have since observed, was. suggested by M. Boussingault 
himself, but it would seem he did not generally adopt it. Iu the next Table 
(III.) are given the results obtained by this Method 3, in which 3, 6, or 
12 ibe. of the rain-water were first operated upon, these quantities, as the 
case might be, being reduced to 24 ounces by successive distillations as 
stated above. This product was then finally distilled, and the distillate 
fractioned into quarters, the first three of which were separately super- 
saturated with the test-acid at 1°, and subsequently neutralized by the test- 
alkali at 3°. 

TaABLe III. 
Method 3.—Distillations to one-half, until reduced to 24 ounces, redistilled, 
and successive quarters tested. 


Year 1854. 


Months. 


p< 4 
© 
i 
ao 
J 
2 
1 
2 
1 
1 
2 
1 
2 


Ist. 2nd. 3rd. 4th. 5th. 
| 600m. 90 | 15 | os 05 | O85 190 | 0-980 


* April checked by Method 2. 
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A glance at the columns of detail of this Table clearly illustrates the faet 
pointed out by M. Boussingault, upon which this method of determining the 
ammonia in rain and other waters is based, namely, that in the case of very 
dilute solutions of the volatile alkali, nearly the whole of it passes over in the 
first portions of the distillate. We observe, however, that even where the 
“total” amount of ammonia obtained from duplicate specimens of water is 
the same, or very nearly so, still the quantities determined in the correspond- 
ing fractional parts do not always agree so well. This would seem to indi- 
cate that the discrepancy is due to irregularity in the distillation, rather than 
ta error of observation in the testing. It is true, that this method of suc- 
cessive distillations is much more tedious and troublesome than the method 
of sinall single distillations preferred: by M. Boussingault ; and even with it, 
it would appear, as in one or two cases in Table III., that the difference 
between the amounts of ammonia determined in duplicate specimens of rain- 
water, may in practice be nearly as great in proportion to the whole, as that 
which is assumed to be a not necessarily exceeded range of error in the 
method of small single distillations. Upon the whole, however, we consider 
the modification involved in this Methad 8, to be practically very important, 
and that this form of the process of estimation by distillation is much more 
applicable to this delicate subject of inquiry than either of those which we 
have previously adopted. 

Before leaving the question of methad, it may be well to enumerate the 
calculated minimum proportions of error by the different methods, supposing 
that in Methods 2 and 3 equally with Method |, this error would necessarily 
only occur once in a total estimation. This however is not the case ; for it is 
obvious, that in practice it might tend in the same direction in the estima- 
tion in each fraction of the distillate. It is on the other hand of course pos- 
sible, that the error, if it existed, might be counterbalanced among the several 
fractions. 

Taking first Method 1, and supposing one-tenth of the concentrated acid 
product of 100 litres of water to be finally tested, this would, on the average 
of the amounts found in the rain at Rothamsted, contain 10 milligr.= 
0°1548 grain of actual ammonia. Assuming also, as was-found in the prao- 
tice of the method, that the degree of accuracy easily attainable in the use of 
the acid and alkaline test liquors at 10°, indicated 0°2 miljigr.=0-0031 grain 
of ammonia, this range of error would obviously amount ta ¢;th, or 2 per 
cent. of the whole ammonia contained in the product teated: and it should 
be borne in mind, that so far as the testing was concerned, there was no 
difficulty whatever in obtaining duplicate estimations which agreed absolutely 
together ; so that the amount of error in a series was certainly not more in 
practice than that supposed. The difficulty with this method however was, 
as before stated, in the management of such large distillations in glass 
vessels. 

In Method 4, that of M. Boussingault, 0°033 milligr. of ammonia are sup- 
posed to be determined, and the amount of water operated upon to be 1 litre. 
_The average amount of ammonia in 1 litre of the rains collected at 
Rothamsted is about 1 milligr., or 0°0154 grain ; so that the minimum limit of 
error would obviously be 3°3 per cent. of the whole amount in such a Case. 
The average quantity of ammonia per litre found by M. Boussingault in 
the rain of the open country does not exceed 0°8 milligr.; in which case the 
mivimum error in estimating to 0-033 milligr. would amount to 44th, or 
rather more than 4 per cent. of thé whole. In the water of rivers, the average 
amount of ammonia, according to M. Boussingault, was not quite 0-2 milligr. 
per litre; upon which, determining only to the same amount as before, the 
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error might be between jth and }th, or about 16°5 per cent. of the whole. 
In spring-water, again, M. Boussingault found generally only about half as 
much ammonia as in rivers; in which therefore the smallest error in the de- 
termination in | litre only, would amount to about {rd of the whole. 

According to Method 8 again, assuming that 12 Ibs. of water (=about 
5} litres) were used, this, taking the average compusition of the Rothamsted 
rains, would contain about 54 milligr. of ammonia; and determining as we 
calculated to do, to 0°034 milligr., the minimum error would thus be about 
rivth, or about 06 per cent. of the whole. The probability of accuracy, 
therefore, so far as the process of liquid testing is concerned, would be 
greatly in favour of the third method, that of successive distillations. 

At the foot of Table III., however, is given the determination of ammonia in 
the rain of April 1854, according to Method 2, which indicates by the method 
of small vingle distillation 0'98 ammonia per million of water, by the side of 
0°967, as obtained by the method of successive distillations ; figures which 
coincide sufficiently to give confidence at least in the approximative truth of 
the results obtained by the two methods. This brings us to a further con- 
sideration of the praportions of ammonia found in the rains collected at 
Rothamsted by the different methods, and of the actual amounts contained in 
the water which fell over a given area in different seasons ; and also to a com- 
parison of our own results with those obtained by other experimenters in 
other localities, 


TasxLe 1V.—Showing the proportion of ammonia per million rain-water, 
and the lbé. of ammonia in the monthly rain per aore, in different looali- 
ties and seasons, determined by different experimenters, aud by different 
methods. 


Ammonia per million rain-water. | Ibs. of ammonia per acre. 


fraun- Rothamsted 
1852,1 1853, 1854, 


Barral. spears Meth. 1.\Meth. 9./Meth. 8.|| Barral. |Meth. 1.|/Meth. 9./Meth. 3. 


Means... 8°49 0-744 


* By Method 2, 0-980. 
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In Table IV. are given,— 

The amounts of ammonia per million, in the rain which fell at Paris 
during several consecutive months of 1851, as determined by M. Barral ; 

The proportions deterinined by M. Boussingault in the open country in 
Alsace, during several months of 1852; 

The proportions in the rain which fell at Rothamsted during several months 
of 1853, in several cases determined both by Methods 1 and 2; also in that 
of several months of 1854 determined by Method 3. 

And in the second division of the Table,— 

The actual amounts of ammonia in dbs., contained in the rain witich fell 
over the area of an imperial acre, in the case of each of the months experi- 
mented upon by M. Barral at Paris, and by ourselves at Rothamsted. 

Comparing together the determinations of the ammonia per million of the 
rains collected at Rothamsted in April, May, June, July, and August 1853, 
made by both the Methods 1 and 2—in the one case dealing with hundreds of 
Ibs. of rain-water, and in the other with only 30 or 60 ounces of it—the coin- 
cidences are such as to lead to the conclusion, that such discrepancies as there 
are, are due to manipulative difficulties and irregularities, rather than to 
erroneous principles inherent in the methods themselves. In the determina- 
tions for May and June, those made by Method 2 are indeed notably below 
those made by Method 1. But the obvious deviation from the regularity in 
the proportion of the ammonia found in the different fractional portions of 
the distillate, as seen in the detail of the determinations given in Table IL. 
compared with that supposed by M. Boussingault to be so uniform, would 
lead to greater confidence in the estimations made by Method 1. Confidence 
in the general principles of the various methods is, however, again afforded 
by a comparison of the determination made in the rain of April by Method 3, 
with that made in the same water by Method 2 as given at the foot of the 
Table; the former giving 0°967, and the latter 0°980 parts of ammonia per 
million of the water. 

Trusting, then, as we may do, in the general approximative truth of the 
results obtained, we find, that taking all the determinations in the monthly 
rain collected at Rothamsted given in this Table, and which apply to that of 
fourteen separate but consecutive months, the average amount of ammonia 
is almost exactly one part in a million of the rain. The average of Bous- 
singault’s determinations in the open country of Alsace, and extending over 
six months of the year 1852, from May to October inclusive, is seen to be as 
nearly as possible $ths of the amount found at Rothamsted. The estima- 
tions of M. Barral, on the other hand, in the rain collected at Paris during 
five consecutive months of 1851, from August to December inclusive, give 
an average of nearly 34 parts of ammonia in a miflion of rain-water; and, 
in subsequent experiments, M. Boussingault has found the ammonia in the 
rain at Paris to be as great as that observed by M. Barral. There can be 
no doubt, therefore, of the influence of a large city teeming with animal life, 
and in which combustion of various kinds is so enormous, upon the propor- 
tion of ammonia in the ambient atmosphere, and consequently on the amount 
of it which will be washed down in the rain. 

In what manner, however, locality, strictly so speaking, influences the actual 
amount of ammonia from surface emanations or otherwise, in otherwise 
equally open country, is still a question. But in reference to the proportion 
of it in a given amount of rain, it is at any rate interesting to observe, that 
the variations which we found in the amount of the ammonia in rain of dif- 
ferent but entire months, when considered in connexion with the registered 
amounts of the fall, the direction of the wind, and the general characters of 
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the weather, are perfectly consistent in kind with the results obtained by M. 
Bouseingault in his special examinations of rain falling under different cir- 
cumstances, of the water of dews, of fogs, &c. Thus, M. Boussingault 
always found a very obvious connexion between the amount of rain which 
fell in individual showers, and the proportion of ammonia in the water col- 
; there being more ammonia per million of the water the less the 
amount of the fall. There was also much more ammonia at the commence- 
ment of a shower than at the end of it, and after a drought than in continu- 
ously rainy weather; though a comparatively short cessation of the rain was 
sufficient again notably to increase the proportion in the water collected. In 
the water of dews and fogs, again, he found the proportion of ammonia was 
very high. 
rom the above facts it would seem, that the proportion of ammonia 
found in the aqueous deposits from the atmosphere was greatly dependent 
on the amount of those deposits ; or, in other words, on the degree in which 
they diluted the soluble matters brought down by them from the atmosphere. 
Turning now more directly to the evidence of our own figures in reference 
to these points, it is at once obvious, that the period of the year has of itself 
no direct influence on the proportion of ammonia in the rain; for we find 
that this is three times as great in the water of May 1853 as in that of May 
1854; the proportion found in the latter being the lowest, and that in the 
former nearly the highest, in our entire series of experiments. And that this 
was directly due in great part merely to dilution, is obvious from the fact, 
that whilst there was comparatively little difference in the actual amount of 
ammonia brought down over a given area in the two cases, yet with the 
small proportion of ammonia in the rain of May 1854, the fall was nearly 
three times as great as in May 1858. The largest proportion of ammonia 
throughout the entire series was, however, in December 1858; and here it 
was that we had also the smallest fall of rain among the whole fourteen months 
submitted to experiment. But again, with this very large proportion of 
ammonia per million of the rain, there was during this month of December 
1858, as is seen in the second division of the Table, very nearly the smallest 
actual amount of ammonia washed from the atmosphere of any case in our 
series. Bearing in mind these facts, it will be only what would be expected, 
that we find the highest proportion of ammonia with prevailing northerly 
and easterly winds, and the lowest with prevailing southerly and westerly 
ones; but since the former are generally coincident with a low, and the 
latter with a high amount of rain, any supposed material influence of the 
direction of the wind might probably much more properly be referred to the 
amount of the fall, or in other words, to the degree of dilution. 

In the same manner, since with storms we have frequently a considerable 
total fall, whilst with dews, mists, and fogs, the aqueous deposition is com- 
paratively small, any direct influence which the conditions of atmosphere 
involved in these states of the weather might have (apart from those inherent 
in the more general character of the season, or of local circumstances ), either 
upon the formation, or emanation, or the slow or rapid condensation of 
ammonia, or upon the lessening of its amount by its conversion into nitric 
acid, is not at once obvious on the face of the figures of the Table. Still, a 
careful consideration of our notes as to the general character of the weather 
of the different months, taken in connexion both with the proportion of 
ammonia in the water collected, and with the total amount of it brought 
down at different seasons over a given area of land, seems to indicate that 
the prevalence of thunder-storms has not of itself the tendency to increase 
the amount of nitrogen brought down in the form of ammonia. And, even 
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supposing that the frequent occurrence of storms during the warmer months 
were found to be coincident with a large actual deposition of ammonia, it 
might still be a question whether such a result were not dependent on other 
characters of the season, or the conditions of the lower strata of the atmos 
sphere, and their connexion with the surface, rather than upon these of the 
higher strata, or the circumstances more directly leading to the development 
of the storms. At any rate it is worthy of remark, that in the month of 
May 1854, which was characterized by the occurrence of many, and some 
very heavy thunder-storms, and by three times the fall of rain of the cor- 
responding month of 1853, we have still a less total deposition of amimenia 
over a given area, than in either May 1853, or in the average of the other 
months, the rain of which was experimented upon: and, with regard to the 
influence, on the other hand, of the minor aqueous depositions upon the 
amount of ainmonia deposited, our notes and figures do not show any increase 
in the actual amount of ammonia so deposited, which could be attributed to 
them irrespectively of other circumstances, but rather that theit more direct 
effect is upon the proportion of the ammonia to the generally less actual 
amount of water, as already pointed out. But, whilst the proportion of 
ammonia per million of the water collected is thus seen to depend more on 
the mere amount of the fall than on the period of the year, it must obviously 
at the same time be mainly influenced by the total amount of ammonia 
actually brought down over a given area; and this again would seem to 
have little direct or uniform connexion, either with the amount of the fall, or 
with the period of the year merely. Thus, as already stated, with three times 
as much rain in May 1854 as in May 1853, we have nearly the same, or even 
father less total ammonia deposited, with the larger fall: and again, eom- 
paring the results of March and April 1853 with those of the same month 
of 1864, although it is true that in these cases we have the larger total 
amount of ammonia brought down with the larger fall of rain, it is seen that 
there is in March 1854 only one-seventh, and in April 1854 only one-fifth, 
as much actual ammonia deposited over a given area as in the corresponding 
months of 1858. It is then, as above alluded to, upon other circumstances 
than either the amount of the fall or the period of the year, that the amount 
of ammonia brought down by the aqueous deposits from the atmosphere 
mainly depends. 

Turning to the more direct application of the figures to an important agri- 
cultural consideration, it may be stated that the amount of stérogen which 
our experiments showed was brought down in actual solution from the atmo- 
sphere in the form of assmonia, was adequate to supply but a small proportion 
of the average annual amount of it contained in the produce of a continuously 
unmanured plot of ground. We must seek therefore for some other source 
of the nitrogen in our unmanured crops, than that which is brought down in 
rain, and in the minor aqueous deposits from the atmosphere, in the form of 
emmonta: and, without here entering into the question of the power of the 
soil, or of the plants themselves, to take up the ammonia or other nitrogenous 
eompounds from the atmosphere, independently of the amounts which would 
be brought down in direct solution in water, there seems to be good ground 
for supposing, that another compound of nitrogen, namely ntéric acid, is a 
more liberal supplier of nitrogen to plants from atmospheric sources, than 
even ammonia itself. 

Although, as has been already mentioned, various experimenters have 
detected nitric acid or nitrates in rain-water, yet it is to M. Barral that we 
are indebted for the first quantitative estimations of nitric acid in rain-water 
which could lead to the supposition, that thie is probably an impottant 
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natural or climatic souree of supply of nitrogen available for the growth of 
plants: and scanty as it yet is, still our daily increasing knowledge as to 
the occurrence and properties of ozone tends to enhance the probability of 
such a view. It was hence a chief object of this investigation to determine 
the quantities of the nitric acid as well as of the ammonia, in the rains col- 
lected at Rothamsted, and to estimate from these the sum of the nitrogen 
supplied by both, in relation to the average amount of it yielded in our 
unmanured crops. Unfortunately, however, in consequence of the difficulties 
connected with the quantitative estimation of very small amounts of nitric 
acid, and especially owing to the existence of nitrogenous impurity in some 
of the re-agents employed, though in proportions which for many purposes of 
analysis would be immaterial, the results arrived at on this head are by no 
means satiafactory or conclusive, or such as to justify a record of the nume- 
rical results obtained. 

The proeess adopted was as follows. Large quantities of the rain-water 
were evaporated with an alkaline carbonate several times to dryness, and the 
solid residue was carefully collected and weighed after drying at 212°, The 
per-centage of nitrogen in this solid matter was then sought to be deter- 
mined by Dumas’ direct-valume method of combustion with oxide of copper. 
Not only, however, were the results of duplicate analyses much more dis- 
crepant than they should have been, but the actual amounts of nitrogen indi- 
cated were in some cases so exceedingly bigh, that suspicion was raised as 
to the purity of the re-agents employed; and it afterwards appeared, that 
the oxide of copper, which had been prepared from the nitrate, was not free 
from compounds of nitrogen which yielded it up in the combustion. But 
independently of the error which may have arisen from this cause, it must 
be admitted, that the process itself is not well calculated to attain the accu- 
racy requisite in such an investigation ; and in fact, that an accurate method 
for the determination of small quantities of nitrogen, or rather of nitric acid, 
is still a great desideratum. 

We repeat, then, that for the reasons stated, we refrain from recording the 
numerical results yet obtained in regard to the amount of nétirie acid in the 
waters examined; nor can we with full confidence rely even upon their 
general indications, in the discussion of the important questions, with a view 
to the elucidation of which this investigation was chiefly undertaken, and to 
which we still hope to recur on some future occasion. After these pre- 
cautionary observations, however, we may mention, that if the indications of 
our nitric acid determinations may be trusted at all, it would appear that 
whilst the per-centage and actual amount of ammonia might be less in the 
rain of thunder-storms, and when there is a large fall of rain, the ainount of 
nitric acid, on the other hand, is probably increased under the influence of 
storms. The results too would further lead to the conclusion, that the amount 
of nitrogen brought down by the rain in the form of atérte acid, was con- 
siderably greater than that so deposited in the form of ammonta. On this 
point again, but without relying confidently on the indication, it may stil] be 
interesting to observe, that with the vesy small amount of ammonia brought 
down in the rain of the winter and spring months of 1853—54, so far as they 
were examined, and which were succeeded by such an abundvent harvest, the 
nitric acid results, taking them as they stand, show a much higher amount 
than usual in the months in question. It is true, that a study of our Meteor- 
ological Tables is sufficient to show that other and more obvious and mea- 
surable climatic conditions materially conduced to such a favourable result. 

In conclusion, since there can be no doubt, that nitrates, applied as manures, 
greatly enhance the growth of plants by virtue of the nitrogen they contain, 
any amount of nitrogen brought down from the atmosphere, in the form of 
nitric acid, must be considered to have an important influence on vegetation. 
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Herring Fishery averages of Wick District. 


Letter to John Cleyhorn, Esq. 


Office for the Fisheries, 
Wick, 2nd July, 1855. 


Srr,—As desired in your note of to-day, I beg to give you the Herring 
Fishery averages of Wick District for the seven years ending 1854, in juxta- 
position with those for the seven years ending 1824 (the earliest year thus 
embraced being the first in which the records of this Office exhibit the num- 
ber of boats employed). 

In regard to the netting by which the averages of those periods respect- 
ively were obtained, I find that the average size of a boat's train in the years 
1818—24 was about one-half of the average size of that in the years 1848-54. 

As you are anxious to have this information with the least possible delay, 
it is fortunate that your paper on the “Fluctuations in the Herring Fisheries” 
had induced me, with the view of acquainting myself as thoroughly as pos- 
sible with the history of the fishery of this important district, to make the 
necessary investigation and calculations previously. 

I am, Sir, your most obedient Servant, 
W. Russz ct. 


Wick District Fishery Averages referred to. 


Year. Number of Average per Year Number of Average per 
1818 482 1386 1848 822 131 
1819 600 133 1849 800 160 
1820 604 148 1850 804 121 
1821 595 123 1851 1000 130} 
1822 595 91 1852 1020 91% 
1823 555 123 1853 1002 134 


INDEX I. 


REPORTS ON THE STATE OF SCIENCE, 


OBJECTS and Rales of the Association, 
Xv. 
Places and times of meeting, with names 
of officers from commencement, xviii. 
Members of Council from commence- 
ment, xxi, 

Treasurer’s account, xxiii. 

Officers and Council, xxiv. 

Officers of Sectional Committees, xxv. 

Corresponding Members, xxvi. 

Report of Council to General Committee 
at Liv l, xxvi. 

Report of Kew Committee, xxvii. 

Recommendations adopted by General 
Committee at Liverpool, involving 
grants of money, xlvi; application to 
Government or public institutions, 
xlvii; not involving grants of money, 
or application to Government, xlviii. 

Applications for Reports, &c. xlviii. 

Printing of Communications, xlix. 

Synopsis of grants of money appropriated 
to scientific objects, xlix. 

General statement of sums paid on ac- 
count of grants for scientific purposes, 1. 

Extracts from resolutions of the General 
Committee, liv. 

Arrangement of general meetings, liv. 

Address by the Earl of Harrowby, lv. 


Ether, density of, 353. 
Armstrong (W. G.) on the application 
of water-pressure machinery, 417. 


Birt (W. R.) on a luminous beam, 410. 
Boguslawski (M.) on remarkable mete- 
oric phenomena, 413. 
Bulard (C.), observations of meteors 
made at Midhurst by, 410. 
1854. 


Challis (Rev. Prof.), drawings of different 
features of a portion of the moon’s 
surface, comprising Plato, the Alps, 
the valley of the Alps, and Cassini, 
415. 

Chesney (Major-Gen.) on the construc- 
tion and general use of efficient life. 
boats, 327. 

Comet of 1843, radiation of heat from 
the, 354. 

Crystals, transmission of heat through, 
348. 


Daubeny (Prof.), thirteenth report on the 
growth and vitality of seeds, 439. 


Earthquake phenomena, third report on 
the facts of, 1. 

Earthquakes, catalogue of recorded, from 
1606 8.c. to a.p. 1850, 2; report of 
the committee on, 370. 


Fasel (F. Vnt.), observations of luminous 
meteors, 412. 

Food, on the equivalency of starch and 
sugar ip, 421, 


Gilbert (J. H.) on the equivalency of 
starch and sugar in food, 421. 

Gladstone (J. H) on the influence of the 
solar radiations on the vital powers of 
plants growing under different atmo- 
spheric conditions, 373. 


Heat, third report on the present state 
of our knowledge of radiant, 337 ; 
theoretical refraction of, 341; trans- 
mission of, through crystals, 348 ; ana- 
logies of transmission of light and, by 

12 


178 


waves, 351; origin of the solar, 352; 
radiation of, from the zodiacal light 
and from the comet of 1843, 354. 
Henslow (Prof.), thirteenth report on the 
growth and vitality of seeds, 439. 


James (Major), proceedings respecting 
seismometers constructed undef the 
superintendence of, 370. 


Knoblauch (M.), on his researches on 
radiant heat, 342. 


Lawes (J. B.) on the equivalency of 
starch and sugar in food, 421. 

Life-boats, on the construction and ge- 
neral use of efficient, 327. 

Light, analogies of transmission of, and 

eat by waves, 351; radiation of heat 

from the zodiacal, 354. 

Lindley (Prof.), thirteenth report on the 
growth and vitality of seeds, 430. 

Lowe (E. J.), luminous meteors observed 
in 1853-54, by, 406 


Magnetic observatories, on some of the 
_ results obtained at the British Colonial, 


355. 

Mallet (Robert), third report on the facts 
of earthquake phenomena, ). 

Mare Crisium and its shores, on the, 
416. 

Melloni (M.), his recent experiments on 
radiant heat, 350. 

Meteors, on luminous, 386, 412; oa 
those of August 1853, tb.; catalogue 
of, made at Observatory, Stone Vica- 
rage, Aylesbury, 394; at St. Ives, 406; 
at Highfield House Observatory, id. ; 

at Midhurst, 410. 

Midhurst, observations of meteors made 
at, 410. | 

Moon’s surface, on the physical charac- 
ter of the, 415; drawings of different 
features of a portion of the, ¢b. 


Phillips (Professor), second report on the 
physical character of the moon’s sur- 

- face, as compared with that of the 
earth, 415. 


INDEX I. 


Plants, on the influence of solar radie- 
tion on, 373. 

Portlock (Colonel), report on earth- 
quakes, with their proceedings respect- 
ing seismometers constructed under the 
superintendence of Major James, 370. 

Powell (Rev. Baden), third report on the 
present state of our knowledge of ra- 
diant heat, 337; seventh report on 
observations of luminous meteors, 
1853-54, 386 ; letter to, from Mr. Birt, 
on a luminous beam, 410; letter to, 
from Mr. Fasel, on luminous meteors, 
412. 

Robinson (Rev. Dr.), second report on 
the physical character of the moon’s 
surface, as compared with that of the 
earth, 415. 

Rosse (the Earl of), second report on the 
physical character of the moon’s sur- 
face, as compared with that of the 
earth, 415. ; 


Sabine (Colonel Edward) on some of the 
results obtained at the British Colonial 
magnetic observatories, 355. 

Seeds, on the growth and vitality of, 439. 

Seismometers, on, 370. 

Ships, on the deviations of the compass 
in wooden and iron, 434. 

Smith (Archibald) on the deviation of 
the compass if wooden and iron ships, 
434. 

Smyth (Prof. C. Piazzi) on the * Mare 
Crisium and its shores,” 416. 

Solar radiation on plants, on the influ- 
ence of, 373. 

Starch and sugar in food, on the equiva- 
lency of, 421. 


Thomson (Prof. W.) on solar heat, 352. 


Water-pressure machinery, on the appli- 
cation of, 417. 

Watts (J. King), catalogue of luminous 
meteors observed in 1853-54, at St. 
Ives, Hunts, 406. 


Zodiacal light, radiation of heat from 
the, 354. 


INDEX II. 


TO 


MISCELLANEOUS COMMUNICATIONS TO THE 
SECTIONS. 


Accins ; — physiological properties of 

earbasotic, 65; action of dalte and tan- 

nic, on iron and alumina mordants, 6b. ; 

action of citric, tartaric, and oxalic, on 

cotton and flax fibres, ib.; on a method 

of analysis applicable to the quantita- 
tive estimation of nitric and acetic, 68; 
on hitrie, in rain-water, 70, 164; on the 
presence of lead in hydrochloric and 
Ditric, 72; on the production of boracic, 
by voleanic action, 76. 

Africa, on the occurrence of a true oreta- 
eeous formation in the south of, 83; 
on the arrival of Dr. Livingston at 
Loanda, on the west coast of, 119. 

African dress, on the adornment of an, 


African languages, South, 126. 

Air-engine, on the means of realizing the 
advantages of the, 159. 

Albincism, on a case of partial, in a black 
men, 110. 

Albion mines in Nova Scotia, on the me- 
teorology of the, 35; table of meteoro- 
logical means for ten years at the, 44; 
climate of the, ib.; daily mean tempe- 

aatare for eleven years 46. , 

umen, on photographs upon, 67. 

Alcohol, on the coneeneretion of, in Sém- 
mering’s experiments, 69. 

Alga, on the effect of coloured media on 
the growth of red, 77. 

Alkalies, on the hyposulphites of the or- 

anic, 70. 

Alkalimetry, on a new method of, 74. 

Alkaloids, on the, produced during the 
destructive distillation of animal sub- 
stances, 64. 

Allen (Capt. W.) on levels taken in Jeru- 
salem with the aneroid barometer, 116. 

Allman (Prof.) on the oecurrence in the 
in in of peculigr organs resem- 
bling thread-cells, 105. 


communication between England and, 
147. 

Ammonia, on the amounts of, and me- 
thods of estimating, in rain-water, 70, 
164; on the production of, by volcanic 
action, 76. 

Amyle, on the physiological properties 
of, 76. 

Anderson (Dr.) on the alkaloids produced 
during the destructive distillation of 
animal substances, 64; on the consti- 
tution of meconine and papaverine, and 
their relations to the other constituents 
of opium, &. 

Anemometer at the Liverpool observatory, 
on the, 84. 

Animal substances, on the alkaloids 
duced during the destructive distilla- 
tion of, 64. . 

Animals, on drawings of various marine, 
102 


Annelid tracks, on, 86. 

Annulosa, on the vascular system of the 
lower, 109. 

Ant-eater, on the anatomy of the great, 


113. 

Anthracite, on the deposits in the lower 
Silurians of the south of Scotland, 86 ; 
on the Silurian, of Cavan, 05. 

Antiquities, notices of the Hoyleke, 129. 

Apes, on the anthropoid, 111. 

Aquaria, observations made in small, 115. 
Aquavivaria, on a plan of a¢rating, adopt- 
ed by Dr. Ball, 115. 
Archer (T. C.) on some rities dis- 
covered in liquid caoutchouc, 96; on 

some materials for making paper, 07. 


Architeeture, naval, on the progress of, 


Alumina mordants, on the action of gellic | 


and tannic acids on, 65. 
America, on the extension of the eub- 
marine telegraph to, 7; on telegraphic 


160. 

Arctic and antarctic currents, and their 
connexion with the fate of Sir John 
Franklin, 117. gisci the 

Arctic regions, on iere in the, 126. 

Arithmometer, on a new, 1. 

Ashworth (Henry) on the causes and 
consequences of the Preston strike, 

1853 to 1854, 130. 


12® 


180 


Asia, central, extracts from the MS. notes 
of travels of General Fevrier in, 125. 

Asteroids, on, 19. 

Astronomy, 19; meteoric, 26. 

Atmopolarimeter, on a, 6. 

Aulaga, on the lake, and its drainage in 
the desert of Caranjas, in Bolivia, 120. 

Aurore boreales seen at St. Ives, 47. 

Australia, on the shortest rontes to, 120; 
on the supply of gold from, 133. 

Australian expedition, communications on 
an, 125. 

Australian gold-fields, on the treatment of 
abandoned workings of the, 142. 

Azores, on some points connected with 
the natural history of the, 108. 


Babinet’s homalographic maps, on, 2. 

Babinet (M.) on a new photometer, 2. 

Bache’s tide observations, the Rev. W. 
Whewell on, 28. 

Baker (T. B. Lloyd) on the reformation 
of offenders, 132. 

Bakewell (Frederick) on telegraphic com- 
munication between ngland and 
America, 147. 

Balfour (Dr.) on the occurrence in coal of 

uliar vegetable organisms resem- 
ling the sporangia of Lycopodium, 97. 

Ball (Dr.), on a plan of aérating aqua- 
vivaria adopted by, 115. 

Bank notes, country, on the laws of the 
currency, as exemplified in the circula- 
tion of, in England, since the Act of 
1844, 136. 

Banks, joint stock, on the rise, progress, 
and present condition of, 138. 

Barometer, on levels taken in Jerusalem 
with the aneroid, 116. 

Bernard (Dr. Felix) on indices of the re- 
fraction of transparent media, included 
between two parallel faces, and on a 
portable refractometer, 2; on a photo- 
meter, 4; on polarimetry, #. 

Berry (George Robert) on collodion 
negativea, 64. 

Bills of exchange, magnitude and fluctua- 
tion of the circulation of, 143. 

Birds, on some traces of harmonious co- 
lours in, 101. 

Blech (Dr.) on South African languages, 
126 


Blundell (Dr. J. W. F.) on an Australian 
expedition, 125. 

Bodies, on the density of various, when 
subjected to enormous pressing forces, 
56; on the solidification of, under great 
pressure, 149. 

Boiler explosions, on the prevention of, 
149. , 


INDEX II. 


Bolivia, on the lake Aulaga, and its drain- 
age in the desert of Caranjas, in, 120. 

Botany, 96. 

Boult (J.), diagrams illustrative of the 
changes in the bed of the river Mersey 
and its approaches, 117, 

Brett (J. W.) on the origin of the sub- 

‘marine telegraph, and its extension to 
India and America, 7. 

Bright (Edward B.) on magnetic electricity 
and under, nd wires, 8. 

Britain, on the early ethnology of, 130. 

British Association Catalogue of Stars, 
notes on the, 25. 

British Meteorological Society, on photo- 
graphic drawings of meteorological in- 
struments adopted by the Couneil of 
the, 47. 

Britons, on the forms of the crania of the 
ancient, 127. 

Brodsworth, on the decomposition of mag- 
nesian limestone at, 66. 

Brooke (C.) on an easy method of making 
thin glass cells for mounting microscopic 
objects in fluid, 47. 

Bryson (A.) on a curious structure in the 
Silurian slates of Peebleshire, 78. 

Buckman (Prof.) on two elephants’ tusks 
found in the Stroud Valley, Gloucester, 
78; on coal depositain West Virginia,+. 

Buckton (G. Bowdler) on the application 
of cyanide of potassium to killing in- 
sects for the cabinet, 106. 

Buxton (David) on the census of the deaf 
and dumb in 1851, 132. 

Byerly (Isaac) on the fauna of Liverpool, 
107. 


Calculating machine, on a new, I. 

Calvert (Prof. F.C.) on the physiclogical 
properties of carbazotic acid, 65; on 
the action of gallic and tannic acide on 

’ iron and alumina mordants, id. ; on the 

action of citric, tartaric, and axalie 
acids on cotton and flax fibres under 
the influence of dry heat and pressure 
of steam, 65. h ly of gold 

Calvert (Jobn) on the su of from 
Australia and from Beplish rocke, 133. 

Caoutchouc, on some peculiarities disco- 
vered in liquid, 96. 

Carpenter (P.P.) on land, fresh water, 
and marine shells obtained in sinking 
a well on the banks of the Avon, 78; 
list ‘of-four hundred and forty species of 
shells from Mazatlen, 107. 

Carpenter (Dr. W. B.) on the development 
of the embryo of Purpura lapillus, 108. 

Caucasus, on the, and parts of the Crimes, 

-- 124. 


INDEX II. 


181 


Cavan, on the Silurian anthracite of, 95. | Copper, on the chemical examination of 


Cayley (Arthur) on the solution of cubic 
and biquadratic equations, 1. 

Cells, on the physiology of, 110. 

Checomac (Myon solar spots and feculz, 
and their true causes, 19. 

Chambers (Robert) on the great terrace of 
erosion in Scotland, and its relative 
date and connexion with glacial phe- 
nomena, 78; further observations on 
glacial pheenomena in Scotland and the 
north of England, 79. 

Chanter (John) on the ceconomical] work- 
ing of steam boilers, 147. 

Chareoal, on mineral, 86. 

Charlesworth (Edward) on several new 
vertebrate fossils, 80. 

Chemistry, 64. 

Cheshire, statistics of poor relief and 
movement of population in the com- 
mercial district in the hundred of 
Wirral, 142. 

Chimneys, on a lightning conductor for, 
158. 

Chronometers, on the variation in the 
rates of, 20. 

Clare, on annelid tracks from the repre- 
sentatives of the millstone grits in the 
county of, 86. 

Clay (Rev. John) on the effect of good 
and bad times on committals to prison, 


133. 

Clay (William) on the large fiy-wheel 
erected at the Mersey Iron-works, Li- 
verpool, 147; on a machine used for 
rolling taper iron, id. 

Cleghorn (John) on the fluctuations in 
the herring fisheries, 134, 176. 

Climate of Southampton, on the, 29. 

Coal, on the production of sulphurous acid 

; gee from the combustion of, 75; on 

eposits of, in West Virginia, 78; on 
the occurrence in, of peculiar vegetable 
organisms resembling the sporangia of 
Lycopodium, 97; on the nature of the 
Torbane Hill and othervarietiesof, 102. 

Coinage, on decimal, 135, 142; on the 
different plans which have been pro- 
poved of decimal accounts and, 143, 

Coilodion negatives, on, 64. 

Colour, on associations of, and relations 
of colour and form in plants, 98; on 
some traces of harmonious, in plants, 
and the plumage of birds, 101. 

Compass, on a graphic method of cortect- 
ing the deviations of a ship's, 13; on 
the changes of the action of, in iron 
ships, 49; on the inefficiency of the 
aids of science at present in connexion 

. with the, of iron ships, 55. 


some alloys of, and zinc, 67. 

Corn, on the current price and the cost 
price of, in England, during the last 
ten years, 134. 

Cotton fibre, on the action of citric, tar- 
taric, and oxalic acids on, 65. 

Crania of the ancient Britons, on the forms 
of the, 127. 

Craters, on the structure of lunar volca- 
nic, 91, 

Cretaceous formation, on the occurrence 
of a true, in the South of Africa, 82. 

Crimea, on parts of the, 124. 

Crosse (Andrew) on the apparently me- 
chanical action accompanying electric 
transfer, 66. " 

Crystals, on measuring the absorption of 
polarized light in doubly refracting, 10; 
photogenic drawings of snow, seen in 

an. 1854, 30. 

Crustacean impressions from the trias of 
Dumfries-shire, on, 86. 

Cull (Richard) on the ethnological value 
of the results of philological inquiry, 
126; description of three Esquimaux 
lately exhibited in London, id. 

Culley (Mr.) on the transmission of time- 
signals through the electric telegraph 
wires in connexion with the observatory 
at Greenwich, 148. 

Cumming (Rev. J. G.) on some of the 
more recent clianges in the area of the 
Trish Sea, 80. 

Cunningham (John) on the submarine 
forest, Leasowe, 81; on ventilation of 
ships, 148; plan for reefing topsails, 
150 


Currency, on the laws of the, 136; ona 
method of substituting francs and cen- 
times for the present English metallic 
currency, 146, 

Currents, on the heating effects of secon- 
dary, 68. 


Danson (John Towne) on the current 
price and the cost price of corn in Eng- 
and during the last ten years, as illus- 
trating the value of agricultural statis- 
tics, 134. 

Davies (J. A.) on the decomposition of 
magnesian limestone at Brodsworth, 66. 

Davis (Joseph Barnard) on the forms of 
the crania of the ancient Britons, 127. 

Day (W.) on the ceconomica] working of 
steam-boilers and furnaces, by the 
saving of fuel, with a more speedy 
command of steam, 149. 

Deaf and dumb, census of the, in 1851, 
132. 


182 


De Colmar (M. T.) on a new arithmo- 
meter, or calculating machine, }. 

Dee and Mersey, on a geological section 
from the island of Little Eye across 
the peninsula between the estuaries of 
the, 86. 

Diamagnetio force, on the, 14. 

Dickie (Dr.) on associations of colour and 
relations of colour and form in plants, 


08. 

Dircks (H.) on the prevention of boiler 
explosions, 1498. 

Dock, on an iron floating graving, 168. 

Dove (M.) on some stereoscopic phzeno- 
mena, 9; on an apparatus for ellipti- 
cally-polariszed light, :%.; on a method 
of measuring the absorption of polar- 
ized light in doubly refracting crystals, 
10; on the distribution of rain in the 
temperate zones, 28. 

Drew (John) on the climate of South- 
ampton, 29. 

Duboscq (M.) on an apparatus for show- 
ing all the phenomena of light, 10. 
Dumfriesshire, on crustacean impressions 

from the trias of, 86. 


Earth, experiments on the movement of 
the, by means of the gyroscope, 56. 
Ecuador, on the eastern territory of the, 

123. 

Edwards (Dr.) on eollodion photographs 
of the moon’s surface, 66. 

Egerton (Sir Philip) on an_ ichthyoid 
fossil from India, 82. 

Ehrenberg ( Prof.) on the discovery of 
microscopic shells in the lower Silurian 
rocks, 82. . 

Eldridge (J.) on a new washing machine, 
149 


Electric transfer, on the apparently me- 
chanical action accompanying, 66. 

Electrical battery, on a new, 75. 

Electricity, 2. 

Elephants’ tusks found in the Stroud 

alley, Gloucester, on, 78. 

England, on the palgozoic system of, 95 ; 
on the current price and the cost price 
of corn in, during the last ten years, 
134; on telegraphic communieation 
between America and, 147. 
uations, on the solution of cubic and 

iquadratic, 1. 

Erosion, on the great terrace of, in Scot- 
land, and its relative date and con. 
nexion with glacial phenomena, 78. 


Esquimaux, description of three, exhi-- 


bited in London, 126. 
Ethpvological value of the results of phi- 
lological inquiry, on the, 126. 


INDEX I!. 


Ethnology, 126; of the Liverpeel di- 
strict, 129 ; on the early, of Britain, 130. 

Ethyle, on the physiological properties of, 
76. 


Etruscan question, notes on the, 126. 

Eye, on pictorial and ph im- 
pressions on the retina of the human, 
12. 


Fairbairn (W.) on th density of 

airbairn (W.) on the i various 
bodies when subjected to enormous 
com ing forces, 54; on the con- 
sumption of fuel and the preventiea of 
smo e, 149; on the solidification of 

jes under great preasure, #6. 

Fauna of Liverpool, on the, 107. 

Felis, on a supposed new species of, 113, 

Fergusson (J.) on the site of the Holy 
Sepulchre at Jerusalem, 117. 

Ferriére (M.) on photographs upon al- 
bumen, 67. 

Fevrier (General), extract from the MS, 
notes of travels of, in Central Asia, 


125. 

Findlay (A. G.) on arctic and antaretic 
currents, and their connexion with the 
fate of Sir John Franklin, 117. 

Firs, on the morphology of, 99. 

Fisher’s Venetian serew propeller, on, 
151. 

Fisheries, on the fluctuations im the 
herring, 134, 176. 

Flax fibre, on the ection of citric, tartaric 
and oxalic acids on, 65. 

Fluids, on the motion of, 63. 

Foliation, on the, of some metamorphie 
rocks in Scotland, 82. 

Food, on the equivalency of starch and 
sugar in, 70. 

Foraminifera, on the British species of, 
118. 

Forbes (David) on the chemieal exami- 
nation of some alloys of copper and 
zinc, 67; on the occurrence and che- 
mical composition of some minerals 
from the south of Norway, 6. 

Forbes (Prof. Edward) on the foliation of 
some metamerphic-rocks in Scotland, 
82; on some points connected with the 
Natural History of the Azores, 108. 

Forest, submarine, of Leasowe, on the, 
81. 

Fossils, en several new vertebrate, 80; 
on ichthyoid, from India, 82. 

Foucault (M. L.), nouvelles expériences 
sur le mouvement de la terre au moyen 
du gyroseope, 56. 

Fowler (Dr.) on literary and philosophical 
pursuits as conducive to longevity, 114. 
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Franklin (Sir John), on aretic and. ant- 
arctic currents, and their connexion 
with the fate of, 117. 

Franklin (Jacob A.) on decimal coinage 
and accounts, showing the impractica- 
bility of the franc or tenpenny unit, 


138. 

Freund (Dr. W.) on the Etrusean ques- 
tion, 126. 

Fuel, on the ceconomical working of 
steam-boilere and furnaces, by saving 
of, 149; on the consumption of, ib. 

Furnaces, on the caconomical working of, 
by the saving of fuel, 149. 

Fus of different substances, on the 
effect of pressure on the temperature 
of, 57. 

Fly-wheel, on the Ja 


, lately erected at 
the Mersey Iron 


orks, 147. 


Gabriel (Edmund), letter to Lord Cla- 
rendon on the arrival of Dr. Living- 
ston at Loanda, 119. 

Gale (Capt. S.) on the shortest routes to 
South Australia, 120. 

Garden (Capt.) on the eecurrence of a 
true cretaceous formation in the south 
of Africa, 83. 

Gas, on the produetion of sulphurous 
acid, from the combustion of coal, 75. 

Gassiot (J. P.) on the heating effects of 
secondary currents, G8. 

Geography, 116. 

Geology, 78; of India, 88. 

Germany, on the palzeozoic rocks of, 87, 

Geysere of Iceland, on the cause of the 
phssnomena exhibited by the, 73. 

Gibson (Mr.) on a machine intended to 

vent accidents in mines, 150. 

Gilbart (J. W.) on the laws of the cur- 
renoy, ag exemplified in the circulation 
of country bank notes in England since 
the passing of the act of 1844, 136. 

Gilbert (Dr. J. H.) on the equivalency 
of starch and sugar in food, 70; on the 
amounts of, and metheds of estimating, 
ammonia and nitric acid in rain water, 
70, 164. 

Glacial phsnemena, on the great terrace 
of erosion in Zootland, and its relative 
date and connexion with, 78. 

Glaeiere, on the former probable existence 
of palwosoic, 93; on the thiokness of 
the ice of the ancient, of N. Wales, 
94; in the arctic regions, 126. 

Gladstone (J. H.) on a method of analy- 
sis applicable to the quantitative esti- 
mation of nitric and acetic acids, 68; 
an the fluorescence exhibited by certain 
iron and platinum salts, id, 
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Glaisher (James), photogenic drawings 
of snow crystals, as seen in Jan. 1854, 
30 


Glass, on the influence ef coloured, on 
the growth of plants in sea-water, 103. 

Glass cells, on an easy method of making 
thin, for mounting microscopic objects 
in fluid, 47. 

Gold, on the supply of, from Australia 
and from English rocks, 133; on the 
treatment of abandoned workings of 
the Australian gold fields, 142; ex- 
changeable value of, in this country, if 
it has fallen below its former level, 
owing to the discoveries within the last 
six years, 143; on the influence of, 
on the progress and direction of British — 
exports, 145. 

Graham (Prof.) on the concentration of 
alcohol in Sémmering’s experiments, 
69. 

Grantham (J.) on Cunningham's plan 
for reefing topsails, 150; on Fisher's 
Venetian serew propeller, 15]; on a 
high-level railway for the Liverpool 
docks, id. 

Gray (Mr.) on vuleanized india-rubber 
springs to adjust the compass, to prev 
vent the action of the needle being in- 
fluenced by the motion of the ship, 


151. . 
Greenough (G. B.) on the geology of 
India, 83. 
Greg (Mr.) on meteorolites and asteroids, 
9 


19. 

Grits, millstone, on annelid tracks from 
the representatives of the, in the county 
of Clare, 86. 

Gunpowder, on the application of the 
voltaic battery to the ignition of, 18. 
Gyroscope, sur le mouvement de la terre 

au moyen du, 56. 


Hamilton (Sir W. R.) en an extension of 
quaternions, }, 

Hamilton (Dr.) on the lake Aulaga and 
ite drainage in the desert of Caranjas, 
in Bolivia, 120. 

Hamilton (G.) on the result of experi- 
ments on the preservation of fresh 
meat, 69. 

Harkness (Prof.) on crustacean impres- 
sions from the trias of Dumfries-shire, 
86; on annelid tracks from the re- 
presentatives of the millstone grits in 
the county of Clare, é4.; on mineral 
charcoal, ib. ; on the anthracite deposits 
and vegetable remains occurring In the 
lower Silurians of the south of BSe¢ot- 
and, 16. 
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Hartnup (John) on the variation in the 
rates of chronometers, 20. 

Hawkes (William) on the strength of iron 
after repeated meltings, 151. 

Heat, 2; on mechanical antecedents of, 
59. 

Henderson (Andrew) on ocean steamers 
and clipper sbips, 152. 

Henslow (Prof.) on the adornment of an 
African dress, 99. 

Herring fisheries, on the fluctuations in 
the, 134, 176. 

Highley (Samuel) on the management of 
some difficult subjects in the applica- 

. tion of photography to science, 69 ; on 
the means of applying photography to 
mer purposes Jn the army and navy, 

0 


Holy Sepulchre at Jerusalem, on the site 
of the, 117. 

Hopkins (W.) on the effect of pressure 
on the temperature of fusion of ‘differ- 
ent substances, 57. 

How (Henry) on the hyposulphites of 
the organic alkalies, 70. 

Hoylake antiquities, notices of the, 129. 

Huggate, on the meteorology of, 34. 

Hull (Edward) on a geological section, 

- from the island of Little Eye across the 

ninsula between the estuaries of the 
ee and Mersey to the east of Live 
pool, 86, 

Hume (Rev. Abraham) on the ethnology 
of the Liverpool district, with notices 
of the Hoylake antiquities, 129; on 
the education of the poor in Liverpool, 


138, 
Huzley (T. H.) on the vascular system of 
the lower annulosa, 109. 
Hyposulphites, on the, of the organic al- 
kalies, 70. 


Iceland, on the cause of the phenomena 
exhibited by the geysers of, 73. 

Ice of the ancient glaciers of North Wales, 
on the thickness of the, 94. 

India, on the extension of the submarine 
telegraph to, 7; on an ichthyoid fossil 
from, 82; on the geology of, 83. 

Infueoria, on the occurrence in the, of 
peculiar organs resembling thread-cells, 
105. 

Inman (Dr. T.) on the power by which 
insects are enabled to adbere to smooth 
perpendicular surfaces, 109; on a case 
of partial Albinoism in a black man, 
110, 

Insecta, on the application of cyanide of 
potassium to killing, for the cabinet, 
106; on the power by which they are 
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enabled to adhere to smoeth perpen- 
dicular surfaces, 109. 
Instruments, microscopic and other, 47. 
Iodine, on the distribution of, in the mi- 
neral, vegetable and animal kingdoms, 
2 : 


Irish Sea, on some of the more recent 
changes in the area of the, 80. 

Tron, on the action of gallic and tannic 
acids on mordants, 65; on the esti- 
mation of, by the method of Margué- 
rite, 74; on the supposed influence of 
the hot-blast in augmenting the quan- .- 
tity of phosphorus in cast, #b.; on 8 
machine used for rolling taper, 147 ; 
on the strength of, after repeated 
meltings, 151. 

Israel, on the lost tribes of, 129. 


Jacob (W.S.) on the British Association 
Catalogue of Stars, 25. 


Jellicoe (Charles) on improving the pre- 


sent mode of keeping and stating the 
national accounts, 138. 


Jerusalem, on levels taken in, with the 


aneroid barometer, 116; on the site of 
the Holy Sepulchre at, 117. 


Jukes (J. B.) on the one-inch map of the 
northern part of the County Wicklow, 


geologically coloured, 87. 


Kennedy (James) on the lost tribes of 
Israel, 129. 

Keogh (Mr.) on a new kind of power- 
loom, 156. 

Kisaludini, letter from the Rev. J. Reb- 
mann to the Rev, H. Venn, from, 123. 

Knight (James) on the rise, progress, 
and present condition of jaint steck 
banks, 138. 

Knight (G.) on a stereoscopic cosmo- 
ramic lens, designed by: 70. 

Knipe (S.) on geological sections in the 


neighbourhood of Live , 87. 
Koh. i-noor diamond, on the recutting of 
the, 75. 


panguases, on South African, 126. 

Lankester (Dr.) on Wollaston’s “ Insects 
of the Madeira Islands,” and “ Melly's 
collection of Insects,” 110. 

Latham (Dr. R. G.) on the non-Russian 
populationsofRussiain E , 129,139. 

Lawes (J. B.) on the equivalency of 
starch and sugar in food, 70; on the 
amounts of, and methods of estimating, 
ammonia and nitric acid in rain-water, 
70, 164. 

Lawson (G.) on the stipular glands of 
Rubiacee, 99. 
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Leyeoek (Dr.) on the physiology of cells 
in relation to consciousness and adap- 
tive movements, 110. 

Lead, on the presence of, in hydrochloric 
and nitric acids, 72. 

Leaf-venation and ramification ofthe plant, 
onthe ndence between the, 100. 

Leasowe, on the submarine forest of, 81. 

Lee (Dr.) on photographic drawings of 
meteorological instruments adopted by 
the Council of the British Meteorolo- 
gical Society, 47. 

Leech, on the medicinal, 113. 

Lens, on a stereoscopic cosmoramic, 70. 

Lenses; on a method of manufacturing 
cylindrical, 47. 

Lewis (Rev. T. T.) on a slab of old red 
sandstone from Puddlestone, near Leo- 

Light 2 91. for ell n 

ht, 2; on an apparatus for elliptically- 
polarized, 9; on measuring the absorp- 
tion of polarized, in doubly refracting 
crystals, 10; on an apparatus for show- 
ing all the phenomena of, i.; on 
errors which may be occasioned by dis- 
regarding the influence of solar or arti- 
ficial, on magnets, 12; on mechanical 
antecedents of, 59. 

Lightning conductor for chimneys, on a, 
158 


Lime, borate of, 75. 

Limestone, on the decomposition of, at 
Brodsworth, 66; on carboniferous, at 
Llyefaen and Penmaen Rhos, near 
Abergele, 93; on fossil remains of 
fishes from the carboniferous, of Tort- 


worth, 95. 

Lindsay (J. B.) on some experiments 
upon 38 telegraph for communicating 
across rivers and seas, without employ- 
ing a submerged cable, 157. 

Liquids, on a method of computing the 
absolute volume of the ultimate par- 
ticles of, 63. 

Live , on the deviation of the mag- 
netic needle peculiar to, 12; on several 
sections in the neighbourhood of, 87 ; 
on recent additions to the muscology 
of, 102; on the fauna of, 107 ; hydro- 
graphical remarks on the improvement 
of the port of, 124; on the hazardous 
and uncertain approaches to the port 
of, 126; on the ethnology of the 
district of, 129; on the education of 
the poor in, 138; on a high level 
railway for the docks of, 151. 

Livingston (Dr.), on the arrival of, at 
Loanda, on the west coast of Africa, 
119; letter to the Rev. Arthur Tid- 
man, from Sekeletu, Linyanti, 121. 
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Loanda, on the west coast of Africa, on 
the arrival of Dr. Livingston at, 119. 
Longevity, on literary and philosophical 
pursuits as conducive to, 114. 

Loom, on a new kind of power, 156. 

Lunar surface, on micrometrical and pho- 
tographic drawings of the, 25. 

Luner volcanic craters, on the structure 
of, 9). 

Lycopodium, on the occurrence in coal of 
peculiar vegetable organisms resem- 
bling the sporangia of, 97. 


Macadam (Stevenson) on the distribution 
of iodine in the mineral, vegetable and 
animal kingdoms, 72; on the presence 
of lead in hydrochloric and nitric acids, 
#b.; on the cause of the phenomena 
exhibited by the Geysers of Iceland, 
73. 

Magnetic field, on some peculiarities of 
the, 16. 

Magnetic needle, on the deviation of the, 
peculiar to Liverpool, 12. 

Magnetism, 2. | 

Magneto-electricity, and underground 
Wires, on, 8. 

Magnets, on errors which may be occa- 
sioned by disregarding the influence of 
solar or artificial light in, 12. 

Maps, on Babinet’s komalographic, 2. 

Marratt (F. P.) on some new mosses, 
and on recent additions to the musco- 
logy of Liverpool, 102. 

Masters (Maxwell T.) on the arrange- 
ment of the air-canals in the Nym- 
pheaceee (water-lilies), 102. 

Mathematics, 1. 

Mazatlan, on four hundred and forty 
species of shells from, 107. 

M‘Cosh (Rev. Prof.) on the morphology 
of pines and firs, 99; on the corre- 
spondence between the leaf-venation 
and ramification of the plant, 100; on 
some traces of harmonious colours in 
plants and the plumage of birds, 101. 

McDermott (Mr.) on a new railway 
brake, 157. 

McNerney (Mr.), statistics of poor relief 
and movement of population in the 
“commercial district’ in the hundred 
of Wirral, Cheshire, 142. 

Meat, on the results of experiments on 
the preservation of fresh, 69. 

Mechanics, 147. 

Meconine, on the constitution of, 64. 

Media, on indices of the refraction of 
transparent, included between two 
parallel faces, 2. 

Mersey, and its approaches, diagrams 
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illustrative of the changes in the bed 
of the, 117; on the estuary of the 
river, 126; on the large fiy-wheel 
lately erected at the iron works, 147. 

Meteoric astronomy, on, 26. 

Meteorolites, on, 19. 

Meteorological instruments, on photo- 
graphic drawings of, adopted by the 
Council of the British Meteorolagical 
Society, 47. 

Meteorology, 28; of Huggate, 34; of 
Nice Maritime for 1853, &5.; of the 
Albion Mines, Nova Scotia, 35. 

Methy'e. on the physiological properties 
of, 76. 


3 

_ Michel (H. E.) on the treatment of 
abandoned workings of the Australian 
gold fields, 214. 

Microscopic objects in fluid, on an easy 
method of making thin glass cells for 
mounting, 47. 

Milk, on the preservation of, 74. 

Miller (William) on decimal coinage, 
142; on -the decimalization of the 
tariff, 143. 

Minerale from the south of Norway, on 
the occurrence and chemical composi- 
tion of some, 67. 

Mines, on the meteorology of the Albion, 
in Nova Scotia, 36; on a machine in- 
tended to prevent accidents in, 150. 

Moigno (Abbé) on a new arithmometer, 
1; on Babinet’s homalographic maps, 
2; on the preservation of milk, 74. 

Moon, on photographs of the, 10. 

Moon's surface, on collodion photegraphs 
of the, 66. 

Moore (Mr.) on rare animale in the 
Museum of Natural History in Liver- 
pool, 111. 

Mordants, on the action of gallic and 
tannio acids on fron and alumina, 65. 
Mortar, marine, on destroying ships by 

means of a, 168. 

Mosses, on some new, 102. 

Motion, on mechanical antecedents of, 


59. 

Murchison (Sir R. I.) on the palesoszoic 
rocks of Germany, 87; on a slab of 
old red sandstone from Puddlestone, 
neay Leominster, 91. ; 

Muscology of Liverpool, on recent addi- 
tions to the, 102. 


Napo, on the eastern territory of the 
touador and the river, 123. 

Nasmyth’ (James) on the structure of 
lunar volcanic craters, 91; on a ime- 
thod of boring holes in rock for tunnel- 
ing purposes, 157; on destraying ships 
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by means of a marine mortar, 158; on 
. lightning eonductor for chimneys, 


National aecounts, suggestions for im- 
proving the present mode of keeping 
and stating the, 138. 

N avigation, 49 ; on the progress of steam, 

60. 


Newmarch (William), magnitude and 
fluctuation of the circulation of bills of 
exchange, 1816 to 1853, 143; facts 
and statements connected with the 
question, —whether, in consequence of 

e discoveries within the Jast six years, 
the exchangeable value of gold in this 
country has fallen below its former 
level, 143. 

Nevins (Dr. J. B.) on the storms which 
have visited England and Ireland 
during 1852, 1853, and 1)854, with 
reference to the theory of rotatory 
storms, 30. 

Nice Maritime, on the meteorology of, 
for 1853, 34; the statistics of, 144. 

Nicholson (E. C.) on the estimation of 
iron by the method ef Marguérite, and 
on the preparation of the standard sulu- 
.tion of permanganate of petash, 74. 

Nicolay (Rev. C. G.} on the caste ter- 
ritory of the Ecuador and the giver 
Napo, 123. 

Norten (Cupt. J.) on some railway signals, 
168 


Norway, on the oceurrenee and chemical 
composition of some minerals frem the 
south of, 67. 

Nova Scotia, on the meteorology of the 
Albion mines in, 85. 

Nymphseacess, on the arrangement ef the 
air-eanals in the, 102. 


Offenders, en the reformation of, 132. 

Opium, on the relation of meconine and 
papaverine to the other canstituents of, 
64 


Osler (F.) on his anemometer and rain- 
gauge at the Liverpool Obeervatery, 84. 
Owen ( Prof.) on the anthropoid apes, 111; 
on the anatomy of the great ant-eater, © 


Page (D.) on the subdivision af the paleo- 
zoio rocks of Scotland, 9}; on the 
structure and texture of stratified rocks, 
as a means of determining the oondi- 
tions under which they are formed, 92. 

Papaverine, on the constitution af, 64. 

Paper, on some materials for meking, 

7. 
Patterson (Robert) on Prispulus cau- 
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datus, 113; on living sea animals, éd.; 

on a plan of atrating aquavivaria 

adopted by Dr. Ball, 115. 

Peach (Mr. on speeimene of old red 
sandstone from Gallows Hill, near 
Thureo, 92. 

Peebleshire, on a curious structure in the 
Silurian slates of, 78. 

Petrie (William) on the motion of fluids; 
a remarkable variation in the great 
elementary law of the ratio between 


penne and velocity, 63. 
lips (John) on micrometrical and 
photographic drawings of the lunar 
25 


Philological inquiry, on the ethnological 
rains of the reali of, 126. e e 
orus, on the supposed influence o 
the hot-blast in augmenting the quan- 
tity of, in cast-iron, 74. 

Photography :—on photographs of the 
moon and the sun, 10; on drawings of 
the lunar surface, 25; on drawings of 
neworological instruments adopted by 
the Council of the British Meteorological 
Seeiety, 47; of the moon’s surface, on 
collodion, 66; upon albumen, 67; on 
the management of some difficult eub- 
jeets in the application of, to science, 
69; on the means of applying, to war 
purposes in the army and navy, 70; 
on the application of, te the delinea- 
tion of microscopic objects, 116. 

Photometer, on a, 2, 4. 

Physics, 1, 56. 

Pile, on the limit of weight which may 
safely be laid on a, driven into the 
ground, 163. 

Pines, on the morphology of, 99. 

Plants, on associations of colour, and re- 
lations of colour and form in, 98; on 
the correspondence between the leaf- 
venation and ramification of, 100; on 
some traces of harmonious colours 
in, 101; on the influence of eoloured 
glass on the growth of, in sea-water, 
108. 

Polarimeter, on a, 6. 

Polarimetry, on, 4. 

Poole (H.) on the meteorology of the 
Albion Mines, Nova Scotia, 35. 

Peor, on the education of the, in Liver- 
pool, 138, 

Population, statistics of poor relief, and 
movement of, in the “ commercial 
district’ in the hundred of Wirral, 
Cheshire, 142. 

Potash, on the preparation of the standard 
solution of permanganate of, 74. 

Potassium, on the application of cyanide 
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of, to killing inseets for the cabinet, 
106 


Pressure, on the effect of, on the tem- 
perature of fusion of different sub- 
stances, 37. 

Preston strike in 1853 to 1854, on the 
causes and consequences of the, 130. 

Priapulus caudatua, on, 113. 

Price (Dr. A. P.) on a new method of 
alkalimetry, 74. 

Price (David 8.) on the estimation ef 
iron by the method of Marguérite, and 
some notes on the preparation of the 
standard solution of permanganate of 
potash, 74; on the su influence 
of the hot-blast in augmenting the 
quantity of phosphorus in east iron, ib, 

Priee (J.) on carboniferous limestone, at 
Llysfaen and Penmaen Rhos, near 
Abergele, 93. 

Price (Rev. —), on drawings of various 
marine animals, 102. 

Printing machiue, on an improved, 163. 

Prison, on the effect of and bad 
times on committals ta, 183. 

Propeller, on Fisher's Venetian serew, 
151 


Proeser (Mr.) on unchan 

Pumpe, experiments to 
tritugal, 163. 

Purpura lapillus, en the development of 
the embryo of, 108. 


steam, 159. 
made on oen- 


Quaternions, on an extension of, |. 


Railway, on a high level, for the Liver- 
pool Docks, 151. 

Railway-signals, on, 158. 

Rain, on the distribution of, in the tem- 
perate sones, 28. 

Rain-fall, on some simultaneous observa- 
tions of, at different points on the same 
meuntain range, 46. 

Rain-gauge at the Liverpool Observatory, 
on the, 34. 

Rain-water, on ammonis and nitric acid 
in, 70, 164. 

Ramsay (Prof. A. C.) on the former pro- 
bable existence of paleosoic glaciers, 
93; on the thickness of the ice of the 
ancient glaciers of North Wales, and 
other points bearing on the glaciation 
of the country, 94. 

Rankin (Rev. T.) on the meteorology of 
Huggate, 34, 

Rankine (W. J. Macquorn) on some si- 
multaneous observations of rain-fali at 
different points on the same mountain 
range, 46; on formuleefor the maxinum 
pressure and latent heat of vapours, 
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58; on the means of realizing the ad- 
vantages of the air-engine, 159. 

Rathbone (Theodore W.) on the different 
plans which have been proposed of de- 
cimal accounts and coinage, 143. 

Reade (Rev. J. B.) on photographs of 
the moon and of the sun, 10. 

Rebmann (the Rev. J.), letter from, to 
the Rev. H. Venn, from Kisaludini 
(in Rabbai), 123. 

Redfern (Dr.) on the nature of the Tor- 
banehill and other varieties of coal, 
102, 

Refractometer, on a portable, 2. 

Reid (Dr.) on the plan of ventilating St, 
George's Hall, 159. 

Rennie (George), hydrographical remarks 
on the improvement of the port of 
Liv. 1, 124. 

Richardson (J.) on the medicinal leech, 
113, 

Rocks, on the foliation of some meta- 
morphic, in Scotland, 82; on the dis- 
covery of microscopic shells in the lower 
Silurian, #6.; on the paleozoic, of 
Germany, 87; on the subdivisions of 
the palwozoic, of Scotland, 91; on the 
structure and texture of stratified, 92; 

- on the supply of gold from English, 
133 ; on a method of boring holes in, 
for tunneling purposes, 157. 

Rope, on the origin of wire, 162. 

Ross (Sir John) on the deviation of the 
magnetic needle iar to Liverpool, 
12; on errors which may be occasioned 
by disregarding the influence of solar 
or artificial light in magnets, 4d. 

Rubiacee, on the stipular glands of, 99. 

Russell (John Scott) on the progress of 
naval architecture and steam naviga- 
tion, including a notice of the large 
ship of the Eastern Steam Navigation 
Company, 160. 

Ruseell (W.), letter to J. Cleghorn on the 
herring fisheries of Wick district, 176. 

Russia in Europe, on the non-Russian 
populations of, 129, 139, 


Sailing, on modifications of great-circle, 
126 


Salts, on the fluorescence exhibited by cer- 
tain iron and platinum, 68. 

Sandstone, on a elab of old red, from 
Puddlestone, near Leominster, 91; on 
specimens of old red, from Gallows 
Hill, near Thurso, 92; on fossil re- 
mains of fishes from the old red, of 
Herefordshire, 95; on the May Hill, 
#5.; on Zamites gigas from the, and 
shale of the Yorkshire coast, 103. 
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Saxby (Mr.) on mechanical appliances 
on board merchant ships, 161. 

Scoresby (Rev. W.) on pictorial and pho- 
tochromatic impressions on the retina 
of the human eye, 12; on the loss of 


the “ Tayleur,’’ and the changes in the 
action of. compasses in iron ships, 49; 


an inquiry into the principles and mea- 
sures on which eafety in the nevigation 
of iron ships may be reasonably looked 
for, 53, 161. 

Scotland, on the great terrace of erosion 
in, 78; further observations on glacial 
phenomena in, and the north of Eng- 
and, 79; on the foliation of some 
metamorphic rocks in, 82; on the an- 
thracite deposits and vegetable re- 
mains in the lower Silurians of the 
south of, 86; on the subdivisions of the 
palzozoic rocks of, 91, 

Screw propeller, on Fisher's Venetian, 

Sea animals, on living, 113. 

Sea-water, on the artificial preparation of, 
for marine vivaria, 77; on the infiu- 
ence of coloured glasa on the growth 
of plants in, 103. 

Sedgwick (Rev. Prof.) on the May Hill 
sandstone, and the palwozoic system of 
England, 95. 

Sekeletu, letter from the Rev. Dr, Li- 

vingston from, 121. 

Sewell (John) on steam-boiler explosions, 
162. ° 

Sewerage of manufacturing towns, on the, 


Seymour (D.) on the Caucasus and parts 
of the Crimea, 124; on the MS. notes 
of travela of General Fevrier in central 
-Asia, 125, 

Shells, land, freshwater and marine, ob- 
tained in sinking a well on the banks 
of the Avon, 78; on the discovery of 
microscopic, in the lower Silurian 
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and an Exposition of the Objects and Plan of the Association, &ec. 


" PROCEEDINGS or tue THIRD MEETING at Cambridge, 1838, 
Published at 12s. 


Contents :—Proceedings of the Meeting ;—John Taylor, on Mineral Veins ;——Dr. 
Lindley, on the Philosophy of Botany ;—Dr. Henry, on the Physiology of the Nervous Sy- 
stem ;—P. Barlow, on the Strength of Materials ;—S. H. Christie, on the Magnetism of the 
Earth ;—Rey. J. Challis, on the Analytical Theory of Hydrostatics and Hydrodynamics ;— 
G. Rennie, on Hydrautics asa Branch of Engineering, Part I. ;—~Rev. G. Peacock, on certain 
Branches of Analysis. 

” Together with papers on Mathematics and Physics, Philosophical Instruments and Mecha- 
nical Arts, Natural History, Anatomy, Physiology, and History of Science. 


PROCEEDINGS or tHe FOURTH MEETING, at Edinburgh, 1834, 
Published at 15s. 


Contents :—H. G. Rogers, on the Geology of North America ;—Dr. C. Henry, on the 
Laws of Contagion; Prof. Clark, on Animal Physiology ;—-Rev. L. Jenyns, on Zoology ;— 
Rev, J. Challis, on Capillary Attraction ;—Prof. Lioyd, on Physical Optics ;—G. Rennie, on 
Hydraulics, Part II. 

Together with the Transactions of the Sections, and Recommendations of the Association 
and its Committees. 


PROCEEDINGS or rue FIFTH MEETING, at Dublio, 1835, Pudb- 
lished at 13s. 6d. 


Contents :—Rev. W. Whewell, on the Recent Progress and Present Condition of the 
Mathematical Theories of Electricity, Magnetism, and Heat; — A. Quetelet, Apercu de 
l’Etat actuel des Sciences Mathématiques chez les Belges;—Capt. E. Sabine, on the Pha- 
nomena of Terrestrial Magnetism. 

Together with the Transactions of the Sections, Prof. Sir W. Hamilton’s Address, and Re- 
commendations of the Association and its Committees. 


PROCEEDINGS oF THE SIXTH MEETING, at Bristol, 1836, Pudb- 
lished at 12s. 


ConTENTS :—Prof. Daubeny, on the Present State of our Knowledge with respect to Mine. 
ral and Thermal Waters ;—Major E. Sabine, on the Direction and Intensity of the Terrestrial 
Magnetic Force in Scotland ;—J. Richardson, on North American Zoology ;—Rev. J. Challis, 
on the Mathematical Theory of Fluids;—J. T. Mackay, a Comparative View of the more 
remarkable Plants which characterize the neighbourhood of Dublin and Edinburgh, and the 
South-west of Scotland, &c.;—J. T. Mackay, Comparative Geographical Notices of the 
more remarkable Plante which characterize Scotland and Ireland ;—Report of the London Sub- 
Committee of the Medica! Section on the Motions and Sounds of the Heart ;—Second Report 
of the Dublin Sub-Committ@e on the Motions and Sounds of the Heart ;—~Report of the Dublin 
Committee on the Pathology of the Brain and Nervous System ;—J. W. Lubbock, Account 
of the Recent Discussions of Observations of the Tides ;—Rev. B. Powell, on determining the 
Refractive Indices for the Standard Rays of the Solar Spectrum in various media; —Dr. Hodgkin, 
on the Communication between the Arteries and Absorbents;—Prof. Phillips, Report of Experi- 
ments on Subterranean Temperature ;—Prof. Hamilton, on the Validity of a Method recently 
proposed by G. B. Jerrard, for Transforming and Resolving Equations of Elevated Degrees. 

Together with the Transactions of the Sections, Prof. Naubeny’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS or raz SEVENTH MEETING, at Liverpool, 1837, 
Published at 16s. 6d. 


Contents :—Major E. Sabine, on the Variations of the Magnetic Intensity observed at dif- 
ferent points of the Earth’s Surface ;—Rev. W. Taylor, on the various modes of Printing for 
the Use of the Blind ;—-J. W. Lubbock, on the Discussions of Observations of the Tides ;-— 
Prof. T. Thomson, on the Difference between the Composition of Cast Iron produced by the 
Cold and Hot Blast ;—Rev. T. R. Robinson, on the Determination of the Constant of Nutation 
by the Greenwich Observations ;—R,. W. Fox, Expcriments on the Electricity of Metallic 
Veins, and the Temperature of Mines;—Provisional Report of the Committee of the Medical 
Section of the British Association, appointed to investigate the Composition of Secretions, and 
the Organs producing them ;—Dr. G. O. Rees, Report from the Committee for inquiring into 
the Analysis of the Glands, &c. of the Human Body ;—Second Report of the London Sub-Com- 
mittee of the British Association Medical Section, on the Motions and Sounds of the Heart ;—- 
Prof. Johnston, on the Present State of our Knowledge in regard to Dimorphous Bodies ;— 
Lt.-Col. Sykes, on the Statistics of the Four Collectorates of Dukhun, under the British Go- 
vernment ;—E. Hodgkinson, on the relative Strength and other Mechanical Properties of Iron 
obtained from the Hot and Cold Blast ;—W. Fairbairn, on the Strength and other Properties 
of Iron obtained from the Hot and Cold Blast ;—Sir J. Robison, and J. S. Russell, Report of 
the Committee on Waves ;—Note by Major Sabine, being an Appendix to his Report on the 
Variations of the Magnetic Intensity observed at different Points of the Earth’s Surface ;— 
J. Yates, on the Growth of Plants under Glass, and without any free communication with the 
outward Air, on the Plan of Mr. N. J. Ward, of London, 

Together with the Transactions of the Sections, Prof. Traill’s Address, and Recommenda- 
tions of the Association and its Committees. 


e 


PROCEEDINGS or tHe EIGHTH MEETING, at Newcastle, 1838, 
Published at 15s. 


Contents :—Rev. W. Whewell, Account of a Level Line, measured from the Bristol Chan- 
nel to the English Channel, by Mr. Bunt ;—Report on the Discussions of Tides, prepared 
under the direction of the Rev. W. Whewell ;—W. 8S. Harris, Account of the Progress and 
State of the Meteorological Observations at Plymouth ;— Major E. Sabine, on the Magnetic 
Isoclinal and Isodynamic Lines in the British Islands ;— D. Lardner, LL.D., on the Determi- 
nation of the Mean Numerical Values of Railway Constants ;—R. Mallet, First Report upon 
Experiments upon the Action of Sea and River Water upon Cast and Wrought Iron ;—R. 
Mallet, on the Action of a Heat of 212° Fahr., when long continued, on Inorganic and Or- 
ganic Substances. 

Together with the Transactions of the Sections, Mr. Murchison’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS or tue NINTH MEETING, at Birmingham, 18989, 
Published at 1%s. 6d. 


ConTEnts :—Rev. B. Powell, Report on the Present State of our Knowledge of Refractive 
Indices, for the Standard Rays of the Solar Spectrum in different media ;——Report on the Ap- 
plication of the Sum assigned for Tide Calculations to Rev. W. Whewell, in a Letter from T. G. 
Bunt, Esq. ;—H. UL. Pattinson, on some galvanic Experiments to deternfine the Existence or 
Non-Existence of Electrical Currents among Stratified Rocks, particularly those of the Moun- 
tain Limestone formation, constituting the Lead Measures of Alston Moor ;—Sir D. Brewster, 
Reports respecting the two series of Hourly Meteorological Observations kept in Scotland ;— 
Report on the subject of a series of Resolutions adopted by the British Association at their 
Meeting in August 1838, at Newcastle ;—R. Owen, Report on British Fossil Reptiles ;—E. 
. Forbes, Report on the Distribution of pulmoniferous Mollusca in the British Isles ;—W. S. 
Harris, Third Report on the Progress of the Hourly Meteorological Register at the Plymouth 
Dockyard. 

Together with the Transactions of the Sections, Rev. W. Vernon Harcourt’s Address, and 
Recommendations of the Association and ite Committees. 


PROCEEDINGS or tnt TENTH MEETING, at Glasgow, 1840, 
Published at 15s. 


ConTENTS :—Rev. B. Powell, Report on the recent Progress of discovery relative to Radiant 
Heat, supplementary to a former Report on the same subject inserted in the first volume of th 
Reports of the British Association for the Advancement of Science ;—J. D. Forbes, Supple- 
mentary Report on Meteorology ;—W. S. Harris, Report on Prof. Whewell’s Anemometer, 
now in operation at Plymouth ;—Report on “ The Motions and Sounds of the Heart,” by the 
London Committee of the British Association, for 1839-40 ;—Prof. Schonbein, an Account of 
Researches in Electro-Chemistry ;—R. Mallet, Second Report upon the Action of Air and 
Water, whether fresh or salt, clear or foul, and at various temperatures, upon Cast Iron, 
Wrought Iron and Steel ;—R. W. Fox, Report on some Observations on Subterranean Tem- 
perature ;—A. F. Osler, Report on the Observations recorded during the years 1837, 1838, 1839 
and 1840, by the Self-registering Anemometer erected at the Philosophical Institution, Bir- 
mingham ;—Sir D. Brewster, Report respecting the two Series of Hourly Meteorological Ob- 
servations kept at Inverness and Kingussie, from Nov. Ist, 1838 to Nov. Ist, 1839 ;—W. 
Thompson, Report on the Fauna of Ireland: Div. Vertebrata ;—C. J. B. Williams, M.D., 
Report of Experiments on the Physiology of the Lungs and Air-Tubes ;—Kev. J. S. Henslow, 
Report of the Committee on the Preservation of Anima] and Vegetable Substances. 

Together with the Transactions of the Sections, Mr. Murchison and Major E. Sabine’s 
Address, and Recommendations of the Association and its Committees. 


PROCEEDINGS or tHe ELEVENTH MEETING, at Plymouth, 
1841, Published at 13s. 6d. 


Contents :—Rev. P. Kelland, on the Present state of our Theoretical and Experimental 
Knowledge of the Laws uf Conduction of Heat ;—G. L. Roupell, M.D., Report on Poisons ;— 
T.G. Bunt, Report on Discussions of Bristol Tides, under the direction of the Rev. W. Whewell ; 
—D. Ross, Report on the Discussions of Leith Tide Observations, under the direction of the 
Rev. W. Whewell ;—W. 8. Harris, upon the working of Whewell’s Anemometer at Plymouth 
during the past year ;—Report of 2 Committee appointed for the purpose of superintend- 
ing the scientific co-operation of the British Association in the System of Simultaneous Obser. 
vations in Terrestrial Magnetism and Meteorology ;—Reports of Committees appointed to pro- 
vide Meteorological Instruments for the use of M. Agassiz and Mr. M‘Cord;—Report of a 
Committee to superintend the reduction of Meteorological Observations ;—Report of a Com- 
mittee for revising the Nomenclature of the Stars ;—Report of a Committee for obtaining In- 
struments and registers to record Shocks and Earthquakes in Scotland and Ireland ;—Report of 
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a Committee on the Preservation of Vegetative Powers in Seeds ;—Dr. Hodgkin, on Inquiries 
into the Races of Man ;—Report of the Committee appointed to report how far the Desiderata 
in our knowledge of the Condition of the Upper Strata of the Atmosphere may be supplied by 
means of Ascents in Balloons or otherwise, to ascertain the probable expense of such Experi- 
rents, and to draw up Directions for Observers in such circumstances ;—R. Owen, Report 
on British Fossil Reptiles ;—Reports on the Determination of the Mean Value of Railway 
Constants ;—D. Lardner, LL.D., Second and concluding Report on the Determination of the 
Mean Value of Railway Constants ;—E. Woods, Report on Railway Constants ;—Report of a 
Committee on the Construction of a Constant Indicator for Steam-Engines. 

Together with the Transactions of the Sections, Prof. Whewell’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS or tHe TWELFTH MEETING, at Manchester, 
1842, Published at 10s. 6d. 


Contents :—Report of the Committee appointed to conduct the eo-operation of the British 
Association in the System of Simultaneous Magnetical and Meteorological Observations ;— 
J. Richardson, M.D., Report on the present State of the Ichthyology of New Zealand ;— 
W. S. Harris, Report on the Progress of Meteorological Observations at Plymouth ;—Second 
Report of a Committee appointed to make Experiments on the Growth and Vitality of Seeds; 
—C. Vignoles, Report of the Committee on Railway Sections ;—Report of the Committee 
for the Preservation of Animal and Vegetable Substances ;—Lyon Playfair, M.D., Abstract 
of Prof. Liebig’s Report on “ Organic Chemistry applied to Physiology and Pathology ;"— 
R. Owen, Report on the British Fossil Mammalia, Part I.;—R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants ;—L. Agassiz, Report 
on the Fossil Fishes of the Devonian System or Old Red Sandstone ;—W. Fairbairn, Ap- 
pendix to a Report on the Strength and other Properties of Cast Iron obtained from the Hot 
and Cold Blast ;—D. Milne, Report of the Committee for registering Shocks of Earthquakes 
In Great Britain ;—Report of a Committee on the Construction of a Constant Indicator for Steam- 
Engines, and for the determination of the Velocity of the Piston of the Self-acting Engine at 
different periods of the Stroke;—J. S. Russell, Report of a Committee on the form of Ships ; 
—Report of a Committee appointed “to consider of the rules by which the Nomenclature of 
Zoology may be established on a uniform and permanent basis ; "-—-Report of a Committee on 
the Vital Statistics of large Towns in Scotland ;—Provisional Reports, and Notices of Progress 
in Special Researches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Lord Francis Egerton’s Address, and Re- 
commendations of the Association and its Committees. 


PROCEEDINGS or tHe THIRTEENTH MEETING, at Cork, 
1843, Published at 12s. 


ContTENTs :—Robert Mallet, Third Report upon the Action of Air and Water, whether 
fresh or salt, clear or foul, and of Various Temperatures, upon Cast Iron, Wrought Iron and 
Steel ;—Report of the Committee appointed to conduct the co-operation of the British As- 
sociation in the System of Simultaneous Magnetica] and Meteorological Observations ;—Sir 
J. F. W. Herschel, Bart., Report of the Committee appointed for the Reduction of Meteoro- 
logical Observations ;—Report of the Committee appointed for Experiments on Steam- 
Engines ;—Report of the Committee appointed to continue their Experiments on the Vitality 
of Seeds ;—J. S. Russell, Report of a Series of Observations on the Tides of the Frith of 
Forth and the East Coast of Scotland ;—J. S. Russell, Notice of a Report of the Committee 
on the Form of Ships ;—J. Blake, Report on the Physiological Action of Medicines ;—Report 
of the Committee on Zoological Nomenclature ;—Report of the Committee for Registering 
the Shocks of Earthquakes, and making such Meteorological Observations as may appear to 
them desirable ;—Report of the Committee for conducting Experiments with Captive Balloons ; 
-——Prof. Wheatstone, Appendix to the Report ;—Report of the Committee for the Translation 
and Publication of Foreign Scientific Memoirs ;—C. W. Peach, on the Habits of the Marine 
- Testacea ;—E. Forbes, Report on the Mollusca and Radiata of the A.gean Sea, and on their 
distribution, considered as bearing on Geology ;~—-L. Agassiz, Synoptical Table of British 
Fossil Fishes, arranged in the order of the Geological Formations ;—R. Owen, Report on the 
British Fossil Mammalia, Part II. ;—E. W. Binney, Report on the excavation made at the 
junction of the Lower New Red Sandstone with the Coal Measures at Collyhurst ;——W. 
Thompson, Report on the Fauna of Ireland: Div. Invertebrata ;—~Provisional Reperts, and 
Notices of Progress in Special Researches entrusted to Committees and Individuals. 
Together with the Transactions of the Sections, Earl of Rosse’s Address, and Recommen- 
dations of the Association and its Committees, 


PROCEEDINGS or raz FOURTEENTH MEETING, at York, 1844, 
Published at £1. 


Contents :—W. B. Carpenter, on the Microscopic Structure of Shells ;—J. Alder and A. 
Hancock, Report on the British Nudibranchiate Mollusca ;—R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants ;—Report of a 
Committee appointed by the British Association in 1840, for revising the Nomenclature of the 
Stars ;—Lt.-Col. Sabine, on the Meteorology of Toronto in Canada ;—J. Blackwal), Report 
on some recent researches into the Structure, Functions and CEconomy of the Araneidea 
made in Great Britain ;—Earl of Rosse, on the Construction of large Reflecting Telescopes; 
—Rev. W. V. Harcourt, Report on a Gas Furnace for Experiments on Vitrifaction and other 
Applications of High Heat in the Laboratory;—Report of the Committee for Registering 
Earthquake Shocks in Scotland ;—Report of a Committee for Experiments on Steam-Engines ; 
—Report of the Committee to investigate the Varieties of the Human Race ;—Fourth Report 
of a Committee appointed to continue their Experiments on the Vitality of Seeds ;—-W. Fair- 
bairn, on the Consumption of Fuel and the prevention of Smoke ;—F. Ronalds, Report con- 
cerning the Observatory of the British Association at Kew ;—Sixth Report of the Committee 
appointed to conduct the Co-operation of the British Association in the System of Simulta- 
neous Magnetical and Meteorological Observations ;—Prof. Forchbhammer on the influence 
of Fucoidal Plants upon the Formations of the Earth, on Metamorphism in general, and par- 
ticularly the Metamorphosis of the Scandinavian Alum Slate ;—H. E. Strickland, Report on 
the recent Progress and present State of Ornithology ;—T. Oldham, Report of Committee 
appointed to conduct Observations on Subterranean Temperature in Ireland ;—Prof. Owen, 
Report on the Extinct Mammals of Australia, with descriptions of certain Fossils indicative 
of the former existence in that Continent of large Marsupial Representatives of the Order 
Pachydermata ;——W. 8. Harris, Report on the working of Whewell and Osler’s Anemometers 
at Plymouth, for the years 1841, 1842, 1843 ;—-W. R. Birt, Report on Atmospheric Waves; 
—L. Agassiz, Report sur les Poissons Fossiles de l’'Argile de Londres, with translation ;—J. 
8. Russell, Report on Waves ;—Provisional Reports, and Notices of Progress in Special Re- 
searches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Dean of Ely’s Address, and Recommenda- 
tions of the Association and its Committees. 


PROCEEDINGS or tnz FIFTEENTH MEETING, at Cambridge, 
1845, Published at 12s. 


ConTEnts :—Seventh Report of a Committee appointed to conduct the Co-operation of the 
British Association in the System of Simultaneous Magnetical and Meteorological Observa- 
tions ;—Lt.-Col. Sabine, on some points in the Meteorology of Bombay ;—J. Blake, Report 
on the Physiological Action of Medicines ;—Dr. Von Bogusiawski, on the Comet of 1843; 
—R. Hunt, Report on the Actinograph ;—Prof. Schonbein, on Ozone ;—Prof. Erman, on 
the Influence of Friction upon Thermo-Electricity ;—Baron Senftenberg, on the Self- 
Registering Meteorological Instruments employed in the Observatory at Senftenberg ;— 
W. R. Birt, Second Report on Atmospheric Waves ;—G. R. Porter, on the Progress and Pre- 
sent Extent of Savings’ Banks in the United Kingdom ;—Prof. Bunsen and Dr. Playfair, 
Report on the Gases evolved from [ron Furnaces, with reference to the Theory of Smelting 
of Iron ;—Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan ;— 
Report of the Committee on the Registration of Periodical Phenomena of Animals and Vege- 
tables ;—Fifth Report of the Committee on the Vitality of Seeds ;—Appendix, &c. 

Together with the Transactions of the Sections, Sir J. F. W. Herschel’s Address, and Re- 
eommendations of the Association and its Committees. 


PROCEEDINGS or ruz SIXTEENTH MEETING, at Southampton, 
1846, Published at 15s. 


Contents :—G. G. Stokes, Report on Recent Researches in Hydrodynamics ;—-Sixth 
Report of the Committee on the Vitality of Seeds ;——Dr. Schunck, on the Colouring Matters of 
Madder ;—J. Blake, on the Physiological Action of Medicines ;—R. Hunt, Report on the Ac- 
tinograph ;—R. Hunt, Notices on the Influence of Light on the Growth of Plants;—R. L. 
Ellis, on the Recent Progress of Analysis ;—Prof. Forchhammer, on Comparative Analytical 
Researches on Sea Water ;—A. Erman, on the Calculation of the Gaussian Constants for 
1829 ;—G. R. Porter, on the Progress, present Amount, and probable future Condition of the 
Tron Manufacture in Great Britain;—W. R. Birt, Third Report on Atmospheric Waves ;— 
Prof Owen, Report on the Archetype and Homologies of the Vertebrate Skeleton ;— 
J. Phillips, on Anemometry ;—J. Percy, M.D., Report on the Crystalline Slags ;—Addenda to 
Mr. Birt’s Report on Atmospheric Waves. 

Together with the Transactions of the Sections, Sir R. I. Murchison’s Address, and Re- 
commendations of the Association and its Committees. 

14* 


PROCEEDINGS or tux SEVENTEENTH MEETING, at Oxford, 
1847, Published at 18s. | 


ConTENnTs :—=Prof. Langberg, on the Specific Gravity of Sulphuric Acid at different de- 
grees of dilution, and on the relation which exists between the Development of Heat and the 
cuincident contraction of Volume in Sulphuric Acid when mixed with Water;—R. Hunt, 
Researches on the Influence of the Solar Rays on the Growth af Plants ;—R. Mallet, on 
the Facts of. Earthquake Phenomena ;—Prof. Nilsson, on the Primitive Inhabitants ef Scan- 
dinavia ;—W. Hopkins, Report on the Geological Theories of Elevation and Earthquakes; 
— Dr. W. B. Carpenter, Report on the Microscopic Structure of Shells ;—Rev. W. Whewell and 
Sir James C. Ross, Report upon the Recommendation of an Expedition for the purpose of 
completing our knowledge of the Tides ;—Dr. Schunck, on Colouring Matters ;—Seventh Re- 
port of the Committee on the Vitality of Seeds ;—J. Glynn, on the Turbine or Horizontal 
Water-Wheel of France and Germany ;—Dr. R. G. Latham, on the present state and recent 
progress of Ethnographical Philology ;—Dr. J. C. Prichard, on the various methods of Research 
which contribute to the Advancement of Ethnology, and of the relations of that Science to 
other branches of Knowledge ;—Dr. C. C. J. Bunsen, on the results of the recent Egyptian 
researches in reference to Asiatic and African Ethnology, and the Classification of Languages; 
—Dr. C. Meyer, on the Importance of the Study of the Celtic Language as exhibited by the 
Modern Celtic Dialects still extant ;—Dr. Max Miiller, on the Relation of the Bengali to the 
Arian and Aboriginal Languages of India;—W. R. Birt, Fourth Report on Atmospheric 
Waves ;—Prof. W. H. Dove, Temperature Tables; with Introductory Remarks by Lieut.-Col.. 
E. Sabine ;—A. Erman and H. Petersen, Third Report on the Calculation of the Gaussian Con- 
stants for 1829. 

Together with the Transactions of the Sections, Sir Robert Harry Inglis’s Address, and 
Recommendations of the Association and its Committees. ; 


PROCEEDINGS or tus EIGHTEENTH MEETING, at Swansea, 
1848, Published at 9s. 


Conrents :—Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors ;— 
J. Glynn, on Water-pressure Engines ;—R. A. Smith, on the Air and Water of Towns ;—Eighth 
Report of Committee on the Growth and Vitality of Seeds ;-—W. R. Birt, Fifth Report on At- 
mospheric Waves ;—E. Schunck, on Colouring Matters ;—J. P. Budd, on the advantageous use 
made of the gaseous escape from the Blast Furnaces at the Ystalyfera Iron Works;—R. Hunt, 
Report of progress in the investigation of the Action of Carbonic Acid on the Growth of 
Plants allied to those of the Coal Formations ;—Prof. H. W. Dove, Supplement to the Tem- 
perature Tables printed in the Report of the British Association for 1847 ;—-Remarks by Prof. 
Dove on his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on 
some of the principal Conclusions in regard to Climatology deducible from them; with an in- 
troductory Notice by Lt.-Col. E. Sabine ;—Dr. Daubeny, on the progress of the investigation 
on the Influence of Carbonic Acid on the Growth of Ferns ;—J. Phillips, Notice of further 
progress in Anemometrical Researches ;—-Mr. Mallet’s Letter to the Assistant-General Secre- 
tary ;—A. Erman, Second Report on the Gaussian Constants;—Report of a Committee 
relative to the expediency of recommending the continuance of the Toronto Magnetical and 
Meteorological Observatory until December 1850. 

Together with the Transactions of the Sections, the Marquis of Northampton’s Address, 
and Recommendations of the Association and its Committees. ' 


PROCEEDINGS or tHe NINETEENTH MEETING, at Birmingham, 
1849, Published at 10s. : 


Contents :—Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors ;——Earl 
of Rosse, Notice of Nebula lately observed in the Six-feet Reflector ;—Prof. Daubeny, on the 
Influence of Carbonic Acid Gas on the health of Plants, especially of those allied tu the Fossil 
Remains found in the Coal Formation ;—Dr. Andrews, Report on the Heat of Combination ; 
—Report of the Committee on the Registration of the Periodic Phenomena of Plants and 
Animals ;—Ninth Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
—F. Ronalds, Report concerning the Observatory of the British Association at Kew, from 
Aug. 9, 1848 to Sept. 12, 1849;—R. Mallet, Report on the Experimental Inquiry on Railway 
Bar Corrosion ;—W. R. Birt, Report on the Discussion of the Electrical Observations at Kew. 

Together with the Transactions of the Sections, the Rev. T. R. Robinson's Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tos TWENTIETH MEETING, at Edinburgh, 
1850, Published at 15s. 


Conrents s—R Mallet, First Report on the Pacts of Earthquake Phenomena ;—Rev. Prof. 
Powell, on Observations of Luminous Meteors ;—Dr. T. Williams, on the Structure and 
History of the British Annelida ;~—T.C. Hunt, Results of Meteorological Observations taken 
at 8t. Michael's from the Ist of January, 1840 to the 31st of December, 1849;—R. Hunt, on 
the present State of our Knowledge of the Chemical Action of the Sular Radiations ;—Tenth 
Repert of Committee on Experiments on the Growth and Vitality of Seeds ;—Major-Gen. 
Briggs, Report on the Aboriginal Tribes of India ;—F. Ronalds, Report concerning the Ob- 
servatory of the British Association at Kew ;—E. Forbes, Report on the Investigation of British 
Marine Zoology by means of the Dredge ;—R. MacAndrew, Notes on the Distribution and 
Range in depth of Mollusca and other Marine Animals, observed on the coasts of Spain, Por- 
tugal, Barbary, Malta, and Southern Italy in 1849 ;—Prof. Allman, on the Present State of 
our Knowledge of the Freshwater Polyzoa ;—Registration of the Periodical Phenomena of 
Plante and Animals ;—Suggestions to Astronomers for the Observation of the Total Eclipse 
of the Sun on July 28, 1851. 

Together with the Transactions of the Sections, Sir David Brewster's Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS or tHe TWENTY-FIRST MEETING, at Ipswich, 
1851, Published at \6s. 6d. 


Contents :—Rev. Prof. Powell, on Observations of Luminous Meteors ;— Eleventh Re- 
port of Committee on Experiments on the Growth and Vitality of Seeds;—Dr. J. Drew, on 
the Climate of Southampton ;—Dr. R. A. Smith, on the Air and Water of Towns: Action of 
Porous Strata, Water and Organic Matter ;—Report of the Committee appointed to consider 
the probable Effects in an CEconomical and Physical Point of View of the Destruction of Tro- 
pical Forests;—A. Henfrey, on the Reproduction and supposed Existence of Sexual Organs 
in the Higher Cryptogamous Plants;—Dr. Daubeny, on the Nomenclature of Organic Com- 
pounds ;—Rev. Dr. Donaldson, on two unsolved Problems in Indo-German Philology ;— 
Dr. T. Williams, Report on the British Annelida;—R. Mallet, Second Report on the Facts of 
Earthquake Phenomena ;—Letter from Prof. Henry, to Col. Sabine, on the System of Meteoro- 
logical Observations proposed to be established in the United States ;—Col. Sabine, Report 
on the Kew Magnetographs ;—-J. Welsh, Report on the Performance of his three Magneto- 
graphs during the Experimental Trial at the Kew Observatory ;—F. Ronalds, Report concern- 
ing the Observatory of the British Association at Kew, from September 12, 1850, to July 31, 
1851 ;—Ordnance Survey of Scotland. 

Together with the Transactions of the Sections, Professor Airy’s Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS or tne TWENTY-SECOND MEETING, at Bel- 
fast, 1852, Published at 16s. 


Contents :—R. Mallet, Third Report on the Facts of Earthquake Phenomena ;—T welfth 
Report of Committee on Experiments on the Growth and Vitality of Seeds ;—Rev. Prof. 
Powell, Report on Observations of Luminous Meteors, 1851-52 ;—Dr. Gladstone, on the In- 
fluence of the Solar Radiations on the Vital Powers of Plants;—A Manual of Ethnological 
Inquiry ;—Col. Sykes, Mean Temperature of the Day, and Monthly Fall of Rain, at 127 Sta. 
tions under the Bengal Presidency ;—-Prof. J. D. Forbea, on Experiments on the Laws of the 
Conduction of Heat ;—R. Hunt, on the Chemical Action of the Solar Radiations; —Dr. Hodges, 
on the Composition and (Economy of the Flax Plant ;—W. Thompson, on the Freshwater 
Fishes of Ulster ;—W. Thompson, Supplementary Report on the Fauna of Ireland ;—W. Wills, 
on the Meteorology of Birmingham ;—J. Thomson, on the Vortex- Water- Whee! ;—J. B. Lawes 
and Dr. Gilbert, on the Composition of Foods in relation to Respiration and the Feeding of 
Animals. 

Together with the Transactions of the Sections, Colonel Sabine’s Address, and Recom- 
mendations of the Association and its Committees. ° 


PROCEEDINGS or truz TWENTY-THIRD MEETING, at Hull, 
18538, Published at 10s. 6d. 


Contents :—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1852-53 ; 
-—James Oldham, on the Physical Features of the Humber ;—James Oldham, on the Rise, 
Progress, and Present Position of Steam Navigation in Hull;—William Fairbairn, Experi. 
mental Researches to determine the Strength of Locomotive Boilers, and the causes which 
lead to Explosion ;—J. J. Sylvester, Provisional Report on the Theory of Determinants ;— 
Professor Hodges, M.D., Report on the Gases evolved in Steeping Flax, and on the Composition 
and (Economy of the Flax Plant ;—Thirteenth Report of Committee on Experiments on the 
Growth and Vitality of Seeds ;—Robert Hunt, on the Chemical Action of the Solar Radiations; 
—-John P. Bell, M.D., Observations on the Character and Measurements of Degradation of the 
Yorkshire Coast; First Report of Committee on the Physical Character of the Moon’s Sur- 
face, as compared with that of the Earth;—R. Mallet, Provisional Report on Earthquake 
Wave-Transits; and on Seismometrical Instruments -—William Fairbairn, on the Mechanical 
Properties of Metals as derived from repeated Meltings, exhibiting the maximum point of 
strength and the causes of deterioration ;—Robert Mallet, Third Report on the Facts of Earth- 
quake Phenomena (concluded). 
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